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FISSION PRODUCT GAMMA ACTIVITY IN SURFACE AIR— 
80th MERIDIAN AND U.S. LOCATIONS, DECEMBER 1964' 


Health and Safety Laboratory, Atomic Energy Commission 


Since January 1, 1963, surface air filter 
samples have been collected as part of the 
HASL (Health and Safety Laboratory) 80th 
Meridian Network (figure 1). This network 
consists of fourteen air sampling stations near 
the 80th Meridian (West) from Thule, Green- 
land, to Punta Arenas, Chile. An additional 
station at Mauna Loa, Hawaii, is included for 
comparison of data with the Chacaltaya, 
Bolivia station. These stations are both at high 
elevations and are at approximately equal north 
and south latitudes, respectively. 

In August 1963, six additional air sampling 
stations were added to the HASL Network in 
North America (1). As with the original 80th 
Meridian Network sampling stations, both air 
filter and deposition samples are collected. 
Where surface air data are reported on a 
monthly basis, the deposition data are reported 
quarterly. 


Sampling and analytical procedures 


Air particulates are sampled on 8-inch- 
diameter polystyrene (Microsorban) filters, 
drawing air through the filters continuously 
at the rate of about 1,400 cubic meters per day. 
Filters are changed on the Ist, 8th, 15th, and 
22nd of each month and forwarded to HASL 
for analysis. A total gamma count over the 
energy range, 0-3 Mev, is made approximately 
two weeks after the end of the sampling period, 
using an 8 x 4-inch sodium iodide (thallium- 
activated) crystal. The filters are then com- 
posited on a monthly basis and analyzed radio- 
chemically, together with monthly ground 
deposition samples taken at the same site, for 
detectable fission and neutron activation 
products. 





1 This report was developed from information and 
data in the April 1965 monthly report entitled “80th 
Meridian Network, Results of Air Sampling Measure- 
ments.” These reports are furnished by the Health and 
Safety Laboratory, AEC, New York, N.Y. 10014. 
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Figure 1. 80th Meridian Network sampling stations 


Results and discussion 


The total gamma activity concentrations in 
weekly ground level air samples collected 
during December 1964 by the HASL Ground 
Level Air Sampling Program are presented in 
table 1. The average monthly concentrations, 
weighted by the volume of air sampled during 
each week, are given in column six. These 
results are plotted in figure 2 as an activity 
latitude profile. The Amundsen-Scott South 
Pole station has been added to the list of sampl- 
ing sites. This station, maintained by the U.S. 
Weather Bureau, collects daily samples on 2.5- 
inch diameter filter paper. These filters are 
composited on a monthly basis and assayed on 
an 8 x 4-inch NaI (T1) crystal. For comparison, 
the latitude profiles of November 1964 and 
December 1963 are plotted in figures 3 and 4. 
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Table 1. Radioactivity of surface air, December 1964 





Sampling site 





| Gamma activity in photons /min.m* 
| 
| 
| 
| 

















The December 1964 profile in the Northern 
Hemisphere follows the pattern of the 
December 1963 profile almost exactly, but at 
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Figure 2. Profile of surface air gamma activity, 80th Meridian stations, December 1964 
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The profiles for all three months in the 
Southern Hemisphere are strikingly similar 
with a peak at Lima (12°06’S), a low at 
Chacaltaya (16°21’S), and a second maximum 
in the 23°S to 34°S latitude band. The 
persistence of these peaks and valleys from 
month to month and year to year indicates that 
they are the result of local or zonal meteorologi- 
cal conditions. It has been suggested in previous 
reports (2,3) that the low at Chacaltaya may 
be the result of the high altitude of this col- 
lection site. It is interesting to note that the 
December 1964 concentrations at practically 
all stations in the Southern Hemisphere are 
higher than in the other profiles represented. 

The weekly air concentrations in the 
Northern Hemisphere rangec from 0.0470 
y/minem*® at Miraflores, P. C. Z. to 0.277 
y/minem’ at Miami, Florida and averaged 
0.152 y/minem*. The values in the Southern 
Hemisphere ranged from 0.023 y»/minem® at 
Chacaltaya, Bolivia to 0.251 y/min+m* at Lima, 
Peru and averaged 0.067 y/min-m* (including 
the average monthly concentration at the South 
Pole). 

A comparative plot of the monthly average 
concentrations for the Northern and Southern 
Hemispheres in 1963 and 1964 is presented in 
figure 5. It appears that all vestiges of the 
Chinese debris had disappeared from the 
Northern Hemisphere by December 1964. It is 
evident in figure 5 that in December 1964 the 
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Figure 5. Average hemispheric gamma activity 
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activity of the Southern Hemisphere was 
greater than in the previous year. This increase 
had been predicted on the basis that trans- 
equatorial mixing of the high concentrations 
in the stratosphere of the Northern Hemisphere 
would occur with the low concentrations of the 
stratosphere in the Southern Hemisphere (3). 
The average activity in the Northern Hemi- 
sphere has concurrently decreased so that in 
December 1964 it is only a factor of 2.25 
greater than that of the Southern Hemisphere. 

The slight reduction of the average con- 
centration in the Southern Hemisphere from 
October to November 1964 shown in figure 5 
was interpreted to indicate the decline of the 
spring peak in that hemisphere (4). The in- 
crease in December reversed that trend, and is 
further evidence of the increasing rate of fall- 
out in the Southern Hemisphere. 


Longitudinal effects 


Most of the sampling sites of the Naval Re- 
search Laboratory 80th Meridian Program 
extended along the west coast of South America 
and along the east coast of North America. 
In August 1964 six additional sites within the 
continental United States were instituted as 
part of the HASL Surface Air Sampling Pro- 
gram to afford better latitude coverage in the 
Northern Hemisphere and to investigate the 
effects of the opposite coastal locations in each 
hemisphere. The data for one year’s operation 
of this network in the absence of atmospheric 
nuclear testing can now be reviewed with these 
objectives in mind. 

Cesium-—137 was selected as the nuclide for 
study to permit direct comparison with the 
British Program, which included the determi- 
nation of cesium-137 among other fission 
products and induced radionuclides. 

Table 2 presents the quarterly average 
cesium-137 concentrations in ground level air 
for each of the seasons and the annual average 
from September 1963 to August 1964. The 
data from the British Ground Level Air Pro- 
gram (5) are also included in table 2 for addi- 
tional comparisons of sampling sites with 
widely different longitudes. Quarterly average 
concentrations were considered to minimize 
short term variations and to maximize any 
seasonal effects. The New York and Westwood 
sites have very similar geographical co- 
ordinates, and can be considered essentially as 
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TT 
9 to illustrate the disparity of concentrations August 1964 are plotted in figure 10, and a 
between hemispheres, and to indicate the lack return to a single latitude profile for all 
of a common profile in the Southern Hemi- longitudes in the Northern Hemisphere is 
sphere although such a common profile exists obtained. There are no serious coastal effects 
in the Northern Hemisphere along the 80th since the one profile generally describes the 
Meridian. The same pattern of a single profile concentrations on the east coast of China, the 
in the Northern Hemisphere persists during east and west coasts of the United States and 
a the 1964 winter and spring (figures 7 and 8), in the British Isles. The values for Eskdalemuir 
although there is a greater variation of in- (55°N), Seattle (47°36’N) and Hong Kong 
dividual points from the line in these seasons (22°30’N) are slightly below the curve in 
than in the preceding fall. Figure 9 shows that figure 10, but these concentrations are clearly 
the greatest divergence of the stations at other representative of the Northern Hemispheric 
longitudes from the profile of 65°W to 89°W latitudes, being a factor of at least five greater 
band occurs in the summer of 1964. than the highest concentration in the Southern 
These seasonal variations tend to compensate Hemisphere. Presumably local meteorological 
each other when yearly averages are con- conditions are the predominate factor in these 
sidered. The annual average cesium-—137 con- stations being somewhat low and in the 
LL centrations for the period September 1963 to seasonal variations described earlier. 
100 
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Section II—Milk and Food 


MILK SURVEILLANCE 


Although milk is only one of the many 
sources of dietary intake of radionuclides, it is 
the single food item most often used as an 
indicator of the population’s intake of radio- 
nuclides from the environment. This is because 
fresh milk is consumed by a large segment of 
the United States population and contains most 
of the radionuclides occurring in the environ- 
ment which have been identified as biologically 
important. In addition, milk is produced and 
consumed on a regular basis, is convenient to 
composite and analyze, and samples representa- 
tive of milk consumption in any area can be 
readily obtained. 


1. Pasteurized Milk Network 
March 1965 


Division of Radiological Health and 
Division of Environmental Engineering and 
Food Protection, Public Health Service 


The Public Health Service pasteurized milk 
surveillance program had its origin in a raw 
milk monitoring network (1) established by 
the Service in 1957. One of the primary ob- 
jectives of this network was the development 
of methods for milk collection and _ radio- 
chemical analysis suitable for larger scale 
programs. 

Experience derived from this study led to 
the activation of a pasteurized milk sampling 
program with stations selected to provide 
nationwide surveillance of milk production and 
consumption areas. The present network, which 
consists of 63 stations, has at least one station 
in every State, the Canal Zone, and Puerto 
Rico. 


Sampling procedure 


Through the cooperation of State and local 
milk sanitation authorities, samples are 
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routinely collected at each station. The method 
specifies that each station’s sample be com- 
posited of subsamples from each milk process- 
ing plant in proportion to the plant’s average 
sales in the community served. At most stations 
the sample represents from 80 to 100 percent 
of the milk processed. Prior to September 15, 
1961, the composite sample was taken from one 
day’s sales per month and was as representa- 
tive of the’ community’s supply as could be 
achieved under practical conditions. Beginning 
with the resumption of nuclear weapons test- 
ing in the atmosphere in September 1961, and 
continuing through January 1963, samples 
were collected twice a week at nearly all sta- 
tions and daily for short periods at selected 
stations. Since then, the sampling frequency 
has been reduced to once a week. 

Samples are preserved with formaldehyde 
and are sent to the PHS Southwestern 
(SWRHL), Southeastern (SERHL), or North- 
eastern Radiological Health Laboratories 
(NERHL) for analysis. Gamma analyses for 
iodine-131 are made within 3 to 6 days after 
sample collection, and any results exceeding 100 
pCi/liter are immediately telephoned to State 
health officials for possible public health action. 
Analytical results are normally available 6 to 7 
weeks after monthly samples are received by 
the laboratories; publication in RHD follows 
3 to 4 months after the monthly samples are 
composited for analyses. 


Analytical procedures 


Iodine-131, cesium-137, and barium-—140 con- 
centrations are determined by gamma scintil- 
lation spectroscopy.’ After the weekly samples 
are gamma scanned, samples from two con- 





1 Southeastern Radiological Health Laboratory em- 
ploys a radiochemical procedure for barium-140 
analysis. 
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secutive weeks are composited-and analyzed 
radiochemically for strontium-—89 and stron- 
tium-90. There is an inherent statistical varia- 
tion associated with all measurements of 
radionuclide concentrations. With the low 
radionuclide levels which are usually found in 
milk and other environmental samples, this 
variation on a percentage basis is relatively 
high. The variation depends upon such factors 
as the method of chemical analysis, the sample 
counting rate and counting time, interferences 
from other radionuclides, and the background 
count. For milk samples, counting times of 50 
minutes for gamma spectroscopy and 30 to 50 
minutes for beta determinations are used. 
Table 1 shows the approximate total analytical 
error (including counting error) associated 
with radionuclide concentrations in milk. These 
errors were determined by comparing results 
of a large number of replicate analyses. 

The minimum detectable concentration is 
defined as the measured concentration equal to 
the two-standard deviation analytical error. 
Accordingly, the minimum detectable con- 
centrations in units of pCi/liter are: stron- 
tium-89, 5; strontium—90, 2; cesium—137, 10; 
barium-140, 10; and iodine-131, 10. At these 
levels and below, the counting error comprises 
nearly all of the analytical error. 








Table 1. Analytical errors associated with estimated 
concentrations for selected radionuclides in milk 

Estimated Estimated Error ® 
Nuclide concentra-| Error * concentration |(percent of 
tion (pCi /liter) (pCi/liter) concentra- 

(pC i/liter) tion) 

Iodine-131__._.....| 0 to 100 +10 | 100 or greater +10 
Barium-140____.._-_| 0 to 100 +10 | 100 or greater +10 
Cesium-137___.....| 0 to 100 +10 | 100 or greater +10 
Strontium-89______ Oto 50 + 5 50 or greater +10 
Strontium-90_ — ___- Oto 20 + 2 20 or greater +10 














® Two standard deviations (2c). 





Calcium analyses at SERHL are done by an 
ion exchange and permanganate titration 
method, while at NERHL and SWRHL an 
ethylenediaminetetraacetic acid (EDTA) 
method is used. Stable potassium concentra- 
tions are estimated from the potassium—40 
concentrations? determined from the gamma 
spectrum. 


2 The conversion factor is 1.18 x 10—-% g K/pCi *°K. 
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Data presentation 


Table 2 presents summaries of the analyses 
for the first quarter of 1965 and the month of 
March 1965 (actual reporting period is 
February 28—March 27). The radionuclide 
values reported by a laboratory as being below 
the minimum detectable concentration have 
been averaged by using one-half the minimum 
detectable value. The averaging procedure was 
modified for iodine-131 and barium-140 in 
October 1963 when nondetectable concentra- 
tions of these radionuclides were considered 
zero. A similiar procedure is used for the net- 
work average. 

The quantitative distribution of the number 
of sampling locations, by ranges of strontium- 
90 and ecesium—137 concentrations in milk for 
the last 6 months are compared in tables 3 
and 4. These tables also provide comparable 
data for March 1964. 

Figures 1 and 2 are isogram maps showing 
the estimated strontium-90 and cesium—137 
concentrations in milk over the entire country. 
The value printed beside each station is the 
monthly average concentration for that station. 
The isograms were developed by arbitrary 
interpolation between values for the individual 
stations. 

The average monthly strontium-90 con- 
centrations in pasteurized milk from selected 
cities in the sampling program are presented 
in figure 3. Each graph shows the strontium-90 
concentrations in milk from one city in each 
of the four U.S. Bureau of Census regions. 
This method of selection permits graphic pre- 
sentation of data for each city in the network 
three times a year. 

For special purposes of comparison and 
reference, the network maximum, minimum, 
and average monthly radionuclide concentra- 
tions for the early years of operation (March 
1960—March 1964) were’ summarized in 
tabular form in the July 1964 RHD (2). An 
annual summary for 1964 appeared in the 
April 1965 RHD (3). 


Discussion of Data 


Neither iodine-131 nor barium-140 was 
detected in the PMN samples during March 
1965. Iodine-131 has not been detected in PMN 
milk samples since November 30, 1964. During 
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Table 2. Average concentrations of stable elements and radionuclides in pasteurized milk, 
March 1965 and the first quarter 1965 * 
ses 
y Calcium Strontium-89 Strontium-90 Cesium-137 
1 of (g/liter) (pCi/liter) (pCi/liter) (pCi/liter) 
is Sampling locations ae Bee: 
First | Avg.for| First | Avg.for| First | Avg.for| First | Avg. for 
lide quarter | month | quarter | month | quarter | month | quarter | month 
. =< — d ate  eES 
‘low Ala: ERE EES TER ges Te SEB ms 1.19 1.18 <5 <5 19 18 55 60 
lave Alaska a ee ee ee een 1.18 1.19 <5 <5 17 18 60 60 
Ariz: PRE si. ccbencettdedbeceusbaaddbiddhlechee 1.20 1.21 <5 <5 6 5 25 25 
num Ark: ON SRR ah. rae eae 1.18 1.18 <5 <5 34 37 70 75 
Calif: OMRIOMEG non 5 kno n SSS cig Seb Ssbi~ opened 1.26 1.27 <5 <5 7 8 35 30 
was BOR PIMRCMGO. --. 22. cece cccgecesscececes 1.27 1.28 <5 <5 S 12 35 40 
2 C. Z: Saks 5 t8 vs abnd bebe te dana 1.14 1.12 <5 <5 5 4 40 35 
m Colo: NN ree ee ta Doe ee addbaabebepaeel 1.27 1.28 <5 <5 18 18 70 90 
tra- onn: ns ann uw ulannddegaeebace deans 1.12 1.12 <5 <5 16 16 90 95 
Del: WeNGIO 0 an assis cbc se abecncetecees 1.15 1.14 <5 <5 19 20 80 80 
pred D.C: Lc din ninco ama iawenes mee eke 1.17 1.19 <5 <5 17 16 60 65 
Fla me AY .. | . ak cos oes Sooo dabdsodokeee 1.18 1.17 <5 <5 13 13 160 165 
net- Ga: ible is. Sscdaebckdlbkndks« Hasek 1.19 1.16 <5 <5 26 28 90 95 
sf OO” Spee. eee eer 1.18 1.18 <5 <5 11 10 65 60 
aho: OSS ER ee ee ey ee 1.21 1.26 <5 <5 21 21 110 110 
nber Ill: ES iad iota -tdunetlerincrnesbenh 1.12} 1.12 <5 <5 17 18 90 95 
Ind: RCNONGS 25 SE GIALS core ted deepens 1.19 1.18 <5 <5 17 18 75 75 
um- lowa eS NN S eee Gece are y te eee re 1.20 1.25 <5 <5 22 24 60 60 
for Kans SRT snc: <ore maneiakiertechpiinbae able 1.24 | 1.25 <5 <5 18 18 55 55 
Ky: DOU. cba hnauedll bob bce dee 1.17 1.16 <5 <5 22 22 60 60 
eS 3 La tN: <.picdegnenddannh saniee hws 1,23 1.22 5 10 43 44 100 
Maine _,—s_(d‘(éN RT Ae" S Ser 1.14 1.14 <5 <5 22 22 135 125 
‘able Md: NE 8 aa inst bb Od deo babes dae 1.16 1.13 <5 <5 18 18 65 70 
Mass: ss isinhat nce wnchadtaabsnimalaiint deter ie 1.16 1.16 <5 <5 23 24 140 145 
Mich: 0 REESE IEE 41 5 ETT TS 1.15 1.14 <5 <5 16 16 85 
wing ET Hicks condcgecennnsctsseasaen 1.18 1.19 <5 <5 19 20 90 100 
-137 Minn: IES MELO 1.22 1.27 <5 <5 26 28 90 95 
Miss: EEF EE EI Ce, EE A PO 1.25 1.24 <5 <5 34 36 60 70 
ntry Mo: DN. «+ cnenaueuntnbaudhekakemededl 1.22 1.24 <5 <5 22 26 60 60 
i EP Sar eee es ee eee 1.25 1.28 <5 | <5 17 16 50 55 
- the ese hc ocamchnapanoonne 1.25 | 1.29 <5 <5 18 18 95 100 
tion Nebr I eae cod da stanly oath it mie eee Re ee 1.25 1.26 <5 <5 18 19 50 55 
Z Nev: ee Oa a a rrr te eee ee 1.20 1.23 <5 <5 9 8 40 40 
rary N. H: , .. . c iiihwe naw aseeaecauna 1.16 1.16 <5 <5 24 23 155 150 
N.J We ss kciktiouncbdtus bis biebisawebhin 1.13 1.15 <5 <5 16 16 80 
idual ey ee RL  ccncavecdsacnwheneskaswseen 1.22 1.23 <5 <5 12 10 45 50 
N. Y eh ATE eS a AER EY Ae 1.11 1.10 <5 <5 17 17 110 110 
Ne ee eee 1.12 1.14 <5 <5 19 21 105 100 
con- Ds. <ccGvnecenebedaetebeneeetamee 1.11 1.15 <5 <5 16 16 95 95 
N.C: Se a PE Se re 1.20 1.16 <5 <5 29 29 65 65 
ted BMT Wii itxsanccisnrnsdeadbqacsansegdeches 1.21] 1.24 <5 <5 52 53 125 120 
ecte 
anted Ohio: a a ae al 1.16 1.16 <5 <5 17 17 70 70 
‘i ES PR rae ee eye ee 1.16 1.17 <5 <5 18 18 95 100 
n—-90 Okla: ET oo ok ann np a ue baton 1.18 1.14 <5 <5 21 26 55 55 
Ore: PE 2 Ng 8 a 1.28 1.28 <5 <5 20 23 100 100 
each Pa: IN cin xin onightcts bin nada ee eae eld 1.16 1.16 <5 <5 17 17 
_ 0 PS ar ae 1.16 1.15 <5 <5 24 24 105 110 
10Ns. P.R OE Pe ae ee 1.14] 1.12 <5 <5 12 11 50 45 
pre- R. I TD dcchaarpnndetusesiedeneshe tia 1.16 1.15 <5 <5 19 18 100 95 
8. C: st sas cs Sin cod cas Soueeee 1.20 1.20 <5 <5 30 32 
work 8S. Dak: CN gi cs ecceSTeens oeneaeeeen es 1.03 1.08 <5 <5 28 31 135 130 
Tenn: Cn... ..< esatadwahnnehhobenes 1.22 1.21 <5 <5 31 30 70 70 
PE a tkctincsnncuctasaniubaneawennanes 1.20 1.18 <5 <5 26 26 45 45 
and Tex EE Ee Re ees ae Re ee 1.15 1.15 <5 <5 9 9 35 35 
ERB POC FSP” SE are ee ene ae 1,19 1.21 <5 <5 18 19 45 45 
mum Utah: Oe ee eee ee ee 1.30 1.35 <5 <5 25 22 125 125 
’ Vt: I oc A he as Sine alone 1.12 1.14 <5 <5 21 23 120 125 
ntra- Va: ESD E RT NS ae eae 1.19} 1.18 <5 <5 21 22 60 60 
[arch Wash oo ES ee, OF TE 1.26 1.26 <5 <5 23 20 90 90 
Pe... da chbindeestwlbudsanonaanes 1.28 1.30 <5 <5 26 32 100 95 
j in W. Va ESSER NESE, PAE a ae 1.18 1.18 <5 <5 16 17 50 50 
Wis RE fer ees ie PE 1.20 1.21 <5 <5 14 15 100 105 
. An Wyo ERIE. 2.0 nan vinn edoup scnabsepempgncensone 1.25 1.22 <5 <5 13 11 65 
1 the ee I a ia nn dain daeein sean é cued Biackatése 1.19 1.19 <5 <5 19.9 20.4 79 81 
® Results of barium-140 and iodine-131 analyses all zero. 
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Table 3. Ranges of station monthly averages for strontium- 
90, October-December 1964, January-March 1965 and 
March 1964 





Number of stations in range 














Range, pCi/liter 1964 1965 1964 

Oct. | Nov. | Dee. | Jan. | Feb. |March March 

jk ee 6 6 8 6 3 5 2 
) Se 37 31 29 32 31 29 17 
Sa eee 13 19 20 19 22 21 30 
Ge a ge 7 6 4 4 5 6 10 
 .. Se eee. 0 1 2 1 2 1 2 
| SR tee 0 0 0 1 0 1 1 
Es Se 0 0 0 0 0 0 1 


























Table 4. Ranges of station monthly averages for cesium- 
137, October-December 1964, January-March 1965 
and March 1964 





Number of stations in range 





Range, pCi/liter 1964 1965 1964 


Oct. | Nov. | Dee. | Jan. | Feb. |March|March 




















Ug Se 16 15 9 11 8 9 

_ ., aes 40 41 38 38 38 36 11 
ee. 6 4 | 14 12 15 16 22 
ge eee 0 2 2 2 2 2 20 
yy, res 1 1 0 0 0 0 6 
a ae 0 | 0 0 





the period of October 26, 1964, through Novem- 
ber 30, 1964, iodine-131 was detected in 45 
samples and was attributed to the detonation 
of a nuclear device by the Communist Chinese 
on October 16, 1964. 

Slight increases in the March strontium—90 
monthly averages were observed for 26 stations 
while levels at 20 stations decreased slightly 


from the previous month. The network average 
of 63 stations for March 1965 was 20.4 pCi/ 
liter compared to 20.2 pCi/liter in February. 
The network average for March 1965 was 20 
percent lower than March 1964. The ratio of 
the highest concentration to the average con- 
centration was 2.60 for March 1965 compared 
to 2.64 for March 1964. 

Slight increases in the March cesium-—137 
monthly averages were observed for 27 stations 
while levels at 21 stations decreased slightly 
from the previous month. The network average 
of 63 stations for March 1965 was 81 pCi/liter 
compared to 80 pCi/liter in February. The net- 
work average was 40 percent lower for March 
1965 than March 1964. The ratio of the highest 
concentration to the average concentration was 
2.04 for March 1965 compared to 1.91 for 
March 1964. 

Since ‘the March network averages for both 
strontium-90 and cesium-137 are lower this 
year than last and the ratios of maximum con- 
centration to average concentration remained 
essentially constant, a continued’ decrease in 
radionuclide concentrations in milk should be 
observed provided fresh fission debris is not 
introduced into the atmosphere. 

Neither strontium-90 nor cesium-137 have 
exhibited a “spring rise’ during February 
and March 1965. To further support this, 
the number of stations reporting increased 
levels over the previous month was approxi- 
mately equal to the number of stations report- 
ing decreased levels over the previous month 
for both radionuclides. 
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Figure 1. Strontium—90 concentrations in pasteurized milk, March 1965 
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Figure 3. Strontium-90 concentrations in pasteurized milk, 1961—March 1965 
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2. Minnesota Milk Network 
July-December 1964 


Division of Environmental Health 
Minnesota Department of Health 


In September 1958, the Minnesota Depart- 
ment of Health initiated a pasteurized milk 
network to monitor strontium-90 concentra- 
. tions. At present, monthly samples are collected 
for iodine-131, cesium-137, and strontium—90 
analyses. Initially, daily two-ounce milk 
samples were composited into a single monthly 
sample which was analyzed for strontium-90. 
In October 1961, additional weekly one-liter 
grab samples were analyzed for iodine-131. In 
November 1962, strontium-90 analyses were 
reduced to a single monthly sample composited 
of weekly samples. This procedure was con- 
tinued until August 1963 when the current 
procedure was initiated. 


The present network consists of eight sampl- 
ing locations in milksheds geographically the 
same as the Minnesota health districts (figure 
4). One-liter samples of processed Grade-A 


fluid milk are collected at bottling machines 
in pasteurization plants. These samples are, in 
general, representative of milk marketed in 
each milkshed. These samples are customarily 
collected in the cities where the Minnesota 
Health District Offices are located. However, it 
is sometimes convenient to collect samples at 
locations other than where district offices are 
situated, but such samples are considered 
representative of the district concerned. 


Analytical procedure 


Strontium-90 concentrations in milk are 
determined after ashing (at 450° C) the 
evaporated residue from an 800-ml sample. 
Evaporation is accomplished by means of a 
steam bath and infrared overhead heating. 
Oxalates of calcium and _ strontium are 
precipitated at a pH of 4 from a nitric acid 
solution of the ash. The separated oxalates are 
then decomposed with nitric acid and peroxide. 
The resulting solution is then scavenged with 
chromates of yttrium and barium in the 
presence of ammonium chloride. Yttrium—90 
is then allowed to ingrow in the presence of 
stable yttrium carrier and then precipitated 
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Figure 4. Minnesota milk sampling locations 
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under the same conditions prevailing in the 
scavenging procedure. The yttrium precipitate 
is converted to the oxalate, filtered, and counted 
in a low-background anticoincidence counter. 

Iodine-131 and cesium-137 concentrations 
are determined by gamma spectrometry. One- 
liter samples of milk are counted for 100 
minutes with a low-background sodium iodine 
crystal detector and multichannel analyzer. 
Either a 3 x 38-inch crystal and 256-channel 
analyzer or a 4 x 4-inch crystal and 512-channel 
analyzer are used. The minimum detectable 
concentration of iodine-131 in milk is 10 pCi/ 
liter. 


Results 


The monthly strontium-90, iodine-131, and 
cesium-137 concentrations in milk are given in 
table 5 for July through December 1964. These 
data as well as analytical procedures are 
presented in the semiannual report of the 
Minnesota Department of Health and Rural 
Cooperative Power Association (4). The stron- 
tium-90, cesium-137, and iodine—-131 con- 
centrations in Minnesota pasteurized milk are 


presented graphically by milkshed in figure 5 
for the period 1962-1964. 

During 1964, iodine—131 was not detected in 
Minnesota milk until the first week in Novem- 
ber, when levels in excess of 10 picocuries per 
liter were observed (table 6). Collections from 
each milkshed were immediately increased 
from one sample per month to one sample per 
week. The maximum concentration observed 
was 53 picocuries per liter in the early part 
of November. By the second week in December, 
only one of eight had a measurable iodine-131 
concentration—18 pCi/liter was observed in 
the December 5 weekly sample from 
Worthington. 


Previous coverage in Radiological Health Data: 


Period Issue 
October-December 1961 

(Iodine—131 data) March 1962 
May-—December 1961 

(Strontium-90 data) August 1962 
March-September 1962 April 1963 
September 1962-—June 1963 November 1963 
July-December 1963 June 1964 
January—June 1964 January 1965 


Table 5. Radionuclides in Minnesota milk, July-December 1964 + 
(Concentrations in pCi/liter) 












































Strontium-90 Cesium-137 
Sampling location al ——— 
(District office) 
July Aug Sept Oct Nov Dec July Aug Sept Oct Nov Dec 
eee ae eee 54 35 43 33 41 38 330 220 185 170 170 190 
EEE eS 62 35 40 39 39 33 430 250 270 170 160 200 
I a i oe eneatinail 27 25 19 20 19 20 100 140 120 110 95 100 
| i RSE ee b 42 ¢31 © 25 16 © 27 17 b 380 ¢ 250 © 200 99 © 85 220 
ES a ase a 20 17 17 22 15 12 230 110 100 60 55 85 
ERR Sar 24 25 27 13 21 15 180 140 130 64 92 131 
ee eae nes dite at ahe 22 17 18 19 18 13 150 92 85 63 64 
TE EE ET 25 16 14 14 14 13 170 70 76 69 50 70 
IN crclaccuteridcasdieled raised | 35 | 25 | 25 22 24 20 250 160 | 120 | 100 100 140 

















* Each monthly iodine-131 concentration at each station was below the minimum detectable concentration. 


b Sample collected at Pierz. 
¢ Sample collected at Brainerd. 


Table 6. Appearance of iodine-131 in Minnesota milk, November-December 1964 
(Concentrations in pCi/liter) 





Sampling location 


November * 

















(District office) 
1 2 3 4 5 6 | 7 8 | 9 
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4) Sa eae A PE st Sell <10 
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*® After November 24, '!I levels were below the detection limit. 
b Composite Minneapolis—St. Paul sample. 
¢ Check sample. 


July 1965 
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3. New York Milk Network 
October-December 1964 


Division of Environmental Health Services 
Department of Health, 
State of New York 


Pasteurized milk samples collected routinely 
from six cities—Albany, Buffalo, Massena, 
Newburgh, New York City, and Syracuse 
(figure 6) are analyzed for their radionuclide 
content by the State of New York Department 
of Health. The samples are collected daily and 
composited weekly for the determination of 
strontium-89, strontium-90, iodine-131, and 
barium-lanthanum-140 at all stations except 
Massena, where samples are composited bi- 
weekly, and at New York City, where a milk 
sample representing the total milk supply for 
one day is obtained and analyzed once per week. 
Samples are obtained from processing plants 
except at Albany, where the daily composite is 
prepared from samples taken at a marketing 
point. The Albany samples are analyzed for 
iodine-131 and other gamma emitting radio- 
nuclides. In the event that any city reports 
iodine-131 concentrations exceeding 100 pCi/ 
liter, increased surveillance is undertaken. 
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Figure 6. New York milk sampling locations 
Analytical procedures 


Gamma emitting radionuclide concentrations 
in milk are determined by scintillation spec- 
trometry and the application of a matrix 
method of analysis to the resultant spectral 
data. (5) 
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Figure 7. Cesium-137 and iodine—131 in New York milk, 
September 1961 to December 1964 


The analytical procedure for determining 
strontium-89 and strontium—90 concentrations 
employs an ion exchange system. The collected 
cations (including radiostrontium) are eluted 
from the ion exchange resin with sodium 
chloride solution. The strontium isotopes are 
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then gathered by means of sodium carbonate 
and isolated with ethylenediaminetetraacetic 
acid (EDTA). The radiostrontium is deter- 
mined with a low-background beta counter 
having an 0.8 mg/cm? window. The strontium— 
90 is determined differentially from the 40-hour 
ingrowth of its daughter product, yttrium-90. 


Results and discussion 


The monthly average radionuclide concentra- 
tions of strontium-89, strontium-90, and 
cesium-—137 are shown in table 7 for October to 
December 1964. During this period, the iodine— 
131 and barium-lanthanum-140 concentrations 
remained below the minimum detectable level 
of 20 pCi/liter. 

The cesium-137 and iodine-131 concentra- 
tions since September 1961 are presented in 
figure 7. These results reflect a general decrease 
in cesium-137 since the atmospheric nuclear 
test ban treaty, despite the slight increase in 
October 1964. 


Table 7. Average radionuclide concentrations 
(pCi/liter) in New York milk, October-December 1964 





| | 
| | 





Strontium-89 Strontium-90 | Cesium-137 
ng, RE CPL eee ee See ee 
location | l | ] 

| Oct Nov Dec Oct Nov | Dec | Oct | Nov | Dec 

| | 

Albany_....._- | <3 | <3| <3| 14| 14| 14| 87| 61| 60 
Buffalo-____._- 3| <3} <3| 11] 13] 13] 50| 60| 73 
Massena____ __| 5| 4] <3] 17] 19 9 | 88/111 | 100 
Newburgh.._..| <3 | <3:| 4] 11| 18| 15! 58| 63| 59 
NewYorkCity.| <3 | <3| <3| 16| 21) 20| 64| 74/| 78 
Syracuse -_--_- | <3/ <3| <3| 14| 14] 14/ 65) 55| 60 
Average... __.- | <3| <3/ <3| 14| 17] 14] 64] 71 57 





4. Canadian Milk Network® 
March 1965 


Radiation Protection Division, 
Department of National Health and Welfare, 
Ottawa, Canada 


The Radiation Protection Division of the De- 
partment of National Health and Welfare 
began monitoring milk for strontium—90 in 
November 1955. At first, analyses were carried 
out on samples of powdered milk obtained 





3 Data from Radiation Protection Programs, Vol. 3, 
No. 4: 25-26. Radiation Protection Division, Canadian 
Department of National Health and Welfare (April 
1965). 


July 1965 


from processing plants. However, since Janu- 
ary 1963 liquid whole milk has been analyzed 
instead. With this change, more representative 
samples of milk consumed can be obtained, and 
in addition it is possible to choose milk sampl- 
ing locations (figure 8) in the same areas as 
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Figure 8. Canadian milk sampling stations 


the air and precipitation stations. At present, 
the analyses include determinations of iodine— 
131, strontium-89, cesium-—137, and strontium— 
90 as well as stable potassium and calcium. 
The milk samples are obtained through the 
cooperation of the Marketing Division of the 
Canadian Department of Agriculture. At each 
station samples are collected three times a week 
from selected dairies and are combined into 
weekly composites and forwarded to the radio- 
chemical laboratory in Ottawa. The contribu- 
tion of each dairy to the composite sample is 
directly proportional to its volume of sales. In 
most cases a complete sample represents over 
80 percent of the milk processed and distributed 
in the area. Several of the weekly samples are 
randomly selected and analyzed for iodine-131. 
The results of the spot checks for iodine-131 
will not be reported unless there is evidence 
that the levels are rising. A monthly composite 
of the samples is analyzed for strontium-90, 
cesium-137, and stable potassium and calcium. 


Analytical methods 


Radiochemical methods are used for the 
analysis of iodine-131 (6). For the analysis of 
radiostrontium, carrier strontium is added to 
a one-liter sample of milk, and the milk is then 
placed in a tray lined with a polyethylene sheet 
and evaporated under infra-red lamps. The 
residue is ashed in a muffle furnace at 450° C., 
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dissolved in dilute nitric acid, and strontium 
separated by fuming nitric acid precipitation. 
The combined strontium—89 and strontium—90 
are determined by counting in a low-back- 
ground beta counter. Strontium-90 is deter- 
mined separately by extracting and counting 
its yttrium-—90 daughter, while strontium-89 is 
estimated by difference from the total radio- 
strontium measurement. Appropriate correc- 
tions are made for self-absorption and counter 
efficiency at all stages. Calcium is determined 
by flame photometry. 

Cesium-137 is determined by gamma spec- 
trometry using a scintillation crystal and a 
muitichannel pulse height analyzer. A sample 
consisting of 4.5 liters of milk is placed in a 
sample tray constructed in the form of an 
inverted well to accomodate the 5 x 4-inch 
sodium iodide crystal detector. The sample is 
counted for 100 minutes and the gamma 
spectrum recorded. Estimates are made of the 
potassium—40 and cesium—137 content of the 
milk by comparison of the spectrum with the 
spectra of standard preparations of these two 
radionuclides. With this method the potassium— 
40 concentration is determined and _ the 
Compton contribution of this radionuclide to 
the cesium-137 photopeak is subtracted to 
obtain the cesium—137 concentration. The stable 
potassium content is estimated from the 
potassium—40 concentration. 


Sources of error 


In the iodine and strontium determinations, 
tests indicate that the statistical error (95 
percent confidence level) in the chemical opera- 
tions involved is about plus-or-minus 10 per- 
cent. This value is independent of the concen- 
tration of the radionuclide in the milk because 
it depends only on the recovery of the carrier. 
In the determination of cesium-137 this factor 
is not involved. 

The chemical procedures error must be com- 
bined with the counting error which depends 
primarily on the concentration of the nuclide 
in the sample, the background radiation, and 
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the length of time the sample and background 
are counted. This counting error has been 
evaluated mathematically for the particular 
counting arrangement used. 

The overall errors, estimated on the basis 
indicated above, are given in table 8. 


Results 


Table 9 presents monthly averages of stron- 
tium-90, cesium-137, and stable calcium and 
potassium in Canadian whole milk. Spot checks 
for iodine-131 and strontium-89 indicate that 
all samples had insignificant levels of these 
radionuclides. 

The results show that radionuclide concen- 
trations in Canadian whole milk remained well 
below the levels permissible on health grounds. 


Table 8. Total error for various radionuclide 
concentrations in milk * 








Radionuclide Error for 10 | Error for 50 | Error for 100 
pCi/liter pCi/liter pCi/liter 

Strontium-90......!........- +25% +20% +15% 

OS Eee: +15% +10% +10% 

iia etpeie +50% +20% +10% 

RD acon: on ascertained +60% +20% +10% 














® All errors are 2¢ values, representing 95 percent confidence levels. 


Table 9. Radionuclides in Canadian whole 
milk, March 1965 * 























| Calcium Potassium|Strontium- Cesium- 
Station | (g/liter) | (g/liter) 90 137 

| (pCi/liter) | (pCi/liter) 
Se eee | 1.13 1.5 24.8 108 
OS EE SE | 1.14 1.5 22.3 116 
9 aaa Sere 1.11 be 43.0 193 
Fredericton_ _-- | 1.13 1.7 33.3 196 
Halifax........-.-.....---- | 1.43 1.7 39.0 260 
Re ee ee 1.04 By 26.4 164 
. . ar = disiaeetbadh 1.16 ® 21.6 126 
RE as ; | 1.09 1.6 41.0 254 
EE eee eee | 1.09 16] 25.2 129 
TO Se | 1.10 1.5 34.9 181 
EE } 1.13 1.7 26.4 112 
Sault Ste. Marie_..........-. 1.06 1.6 34.1 176 
EES ears kT ys 1.02 1.7 13.3 88 
OS a ep eee 1.16 1.6 36.3 251 
epee: oe | 1.12 1.6 15.2 88 
Winnipeg -_- 1.11 1.7 27.2 151 
ER ee Fe eee | 1.11 | 1.6 | 29.0 162 





® Due to insignificant levels of strontiun-89 the reporting of this nuclide 
has been discontinued. 
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5. Pan American Milk Sampling Program 
March 1965 


Pan American Health Organization, and 
Public Health Service 


In accordance with a joint agreement, the 
PAHO (Pan American Health Organization) 
and the PHS (Public Health Service) developed 
a collaborative program for furnishing assist- 
ance to health authorities in the Americas 
engaged in developing programs in radiological 
health. 

Under this agreement, the PHS Division of 
Radiological Health furnishes to PAHO, on a 
loan basis, limited quantities of essential items 
of equipment and the requisite laboratory serv- 
ices to establish a surveillance program, 


Sampling procedure 


Initially, air sampling stations were estab- 
lished in Chile, Jamaica, Peru, and Venezuela. 
In August 1963 this was expanded to include 
a milk sampling station in Caracas, Venezuela. 
Between April 1964 and August 1964, milk 
stations were added in Jamaica at Kingston, 
Montego Bay, and Mandeville. Sampling varies 
according to local procedures. 

Under the direction of the Venezuelan 
Institute for Scientific Investigation, weekly 
samples are collected, preserved with formalde- 
hyde and composited monthly. 

Jamaica, under the direction of the 
Ministry of Health, collects one monthly com- 
posite on a rotating basis from one of the three 
principal milk areas: Montego Bay (Mont- 
pelier), Mandeville, and Kingston (Spanish 
Town). To reduce spoilage it was necessary to 
establish cooling stations in the western 
parishes where the milk is received prior to 
shipping to the Condensery in Kingston. All 
samples are sent to the PHS Southeastern 
Radiological Health Laboratory for analyses. 


Analytical procedures 


Iodine-131 and cesium-137 are determined 
by gamma scintillation spectrometry. Stron- 
tium-89, strontium-90, and barium-140 are 
determined radiochemically (7). Analytical 
errors are discussed in the ‘Analytical Proce- 
dures’ of article 1, “Pasteurized Milk Net- 
work,” page 351. 


July 1965 


Data presentation 


Table 10 presents stable calcium and potas- 
sium, strontium-89, strontium—90, and cesium— 
137 monthly average concentrations. The 
monthly average of iodine—-131 and barium—140 
concentrations in milk were less than 10 pCi/ 
liter. 


For comparison purposes, the radionuclide 
concentrations at Cristobal, Canal Zone, and 
San Juan, Puerto Rico are presented. 


Table 10. Stable element and radionuclide 
concentrations in milk, March 1965 























l 7 
Calcium | Potas- | Stron- | Stron- | Cesi- 
| sium tium-89 | tium-90 um-137 
Sampling stations ——— tke so hee, |. A> > Ce 
(g/liter) | (g/liter)| (pCi/ | (pCi/ | (pCi/ 
liter) liter) liter) 
Canal Zone: | 
A” ee 1.12 1.5 <5 4 35 
Jamaica: 
| EE ee 1.17 1.39 <5 18 | 275 
Mandeville. ..._.__.- *®NS NS NS | NS | NS 
Montego Bay ~~... -..-- NS NS NS NS | NS 
Puerto Rico: ~ 
OS OS a 1,12 1.6 <5 11 | 45 
Venezuela: 
RE o< chiverestan 1.19 | 1.47 <5 | 5 20 
| | 





® NS indicates no sample collected during this period. 
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APPLICATION OF RADIONUCLIDE CONCENTRATIONS IN MILK TO 
INTAKE GUIDES, APRIL 1964-MARCH 1965 


Division of Radiological Health, 
Public Health Service 


The concentrations of specific radionuclides 
in milk analyzed as part of the Pasteurized 
Milk Network (PMN) are reported on a 
monthly basis in RHD. In terms of radiological 
health surveillance activities, an important 
aspect of these data is the estimation of result- 
ant radiation dose to population groups. 


Approximate relationships between certain 
radionuclide intakes and dose have been applied 
to the formulation of daily intake guides (1) 
and permissible concentrations in selected 
environmental media (2). Although these 
guides are not themselves directly applicable 
to worldwide fallout, a comparison with en- 
vironmental contamination levels does yield a 
measure of population intake. In general, 
intake-dose and dose-biological effect relation- 
ships used in formulating the guides cited are 
based on continuous intake over an entire life- 
time. However, for general surveillance pur- 
poses, yearly average intakes, used with discre- 
tion, may be compared directly with the levels 
adopted as lifetime intake guides. Thus, the 
radionuclide concentrations in milk, averaged 
over a year’s time, together with milk con- 
sumption data, might be used in conjunction 
with the references cited above to approximate 
the radiation dose to a specific population 
group from a specific radionuclide. Table 1 
presents annual averages of radionuclide con- 
centrations in milk sampled by the PMN. 
Limited data are available for estimating the 
average daily milk consumption (on a volume 
basis) for specific age groups in the U.S. pop- 
ulation (3, 4). 


Total dietary intake is of prime interest, and 
since the intake via milk consumption con- 
stitutes only a portion of the total radionuclide 
intake, the relationship of milk intake to total 
dietary intake is of importance in evaluating 
milk surveillance data. The Federal Radiation 
Council (5) notes: “A number of studies have 
shown that conservative estimates of the stron- 
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tium-90 to calcium ratio in the total diet may 
be made by multiplying the ratio of strontium— 
90 to calcium in milk in a particular locality by 
1.5.” Thus, a rough index of the total dietary 
intake of strontium—90 on an annual basis may 
be made from PMN annual averages by using 
this factor and the assumptions of approxi- 
mately 1.2 g of calcium per liter in PMN 
samples and a 1.0 g daily intake of calcium. 


In the case of iodine-131, milk can be con- 
sidered the major source because of the rapid 
distribution and consumption of fresh milk. 
With most. other foods, normal processing and 
distribution times permit this short-lived 
nuclide to decay to insignificant levels. 


The situation with respect to.strontium-—89 
is more complicated. Its half-life of some 50 
days makes it difficult to estimate the relative 
contribution made by sources other than milk 
to the total dietary intake. 


The relative contribution of milk to the total 
dietary intake of cesium—137 is not well defined 
and depends principally on the amount of 
freshly deposited cesium-137 on products used 
for human and animal consumption, and the 
progress of cesium—137 through the food chain. 


The data in table 1 are calculated as follows: 
results from all samples collected in each week 
(Sunday through Saturday) are averaged, and 
the averages for all weeks terminating in each 
of twelve consecutive months are averaged to 
obtain the annual average.? To obtain the 
annual average daily intake (pCi/day) of 
radionuclides from milk, the annual average 
concentration values (pCi/liter) in table 1 
must be multiplied by the annual average daily 
consumption (liters/day) of milk. 


1This ratio may vary from 1 to 2, depending on 
changes in rate of fallout deposition and relative con- 
sumption of non-milk products whose contamination 
reflects temporal and local deposition patterns (6). 

2 Beginning with the October 1963 data, iodine-131 
values of <10 pCi/liter have been considered to be zero 
for averaging purposes; previously, 5 pCi/liter was 
used for calculating the averages. 
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Table 1. Average radionuclide concentrations in milk for the twelve-month periods, 
March 1964-February 1965 and April 1964—March 1965 * ( pCi/liter) 


























! 
Strontium-89 Strontium-90 | Iodine-131 Cesium-137 
Sampling locations | 
Mar 1964- Apr 1964- Mar 1964- Apr 1964— | Apr 1964- Apr 1964- Mar 1964- | Apr 1964- 
Feb 1965 Mar 1965 Feb 1965 Mar 1965 Feb 1965 Mar 1965 Feb 1965 Mar 1965 
} 

Ala: Montgomery ---.......---- 3 3 22 | 21 0 0 71 69 
) One ene: 4 4 20 | 20 0 0 105 | 99 
Ariz ta ihc a ebintniee 3 3 5 | 5 0 0 26 26 
Ark OS SS eae 3 3 42 | 41 1 1 101 93 
Calif SS SEE AAS 3 3 7 7 0 0 38 35 
San Francisco.............. 3 3 9 9 0 0 40 38 

| 
C. Z | SE age a fae 3 3 5 5 | 0 0 49 | 48 
Colo: ME etn 2 Sabeds~ nk weod 3 3 19 19 0 0 83 | 82 
Conn cS ae yh gee 3 3 19 18 0 0 120 | 112 
Del: , ESE 3 3 22 22 1 1 101 95 
D. C: A SRE 3 3 19 19 0 0 71 67 
Fla: Se ER See 3 3 15 15 0 0 227 222 
Ga: TE EEE ee eee 3 3 29 29 0 0 119 112 
Oe OS Eee ee 3 3 12 12 0 0 76 74 
Idaho: 4 SSRIS! 4 4 24 25 0 0 135 127 
ll: Rae 3 3 18 18 0 0 99 94 
Ind: “RS SSI aa 3 3 19 19 1 1 83 79 
Iowa EE COE: 4 4 24 24 0 0 75 71 
Kans: Se a 4 3 20 20 0 0 58 56 
Ky: “tA s Seige a 3 3 28 27 0 0 70 64 
La New Orleans-_-_____.___--.- 3 4 49 47 0 0 120 113 
Maine nad skclneecdcacce 3 3 28 27 1 1 173 166 
Md: SEE re ee 3 3 22 21 0 0 81 77 
Mass: eee 3 3 29 28 0 0 182 172 
Mich: | Saas 3 3 17 17 2 2 96 93 
Grand Rapids-_-__.....-.-- 3 3 20 20 1 1 107 103 
Minn Minneapolis_.............. 6 5 29 29 0 0 118 110 
Miss: CE a ee: 3 3 40 39 0 0 87 82 
Mo: SL ears 4 4 25 25 0 0 66 63 
2” IE a GES 4 4 21 21 0 0 66 62 
Mont: |” PS Se OS 4 3 22 21 1 1 133 123 
Nebr: I ihc a tikeivunt: cacte! 3 3 24 23 0 0 77 73 
Nev: OS ee es 3 3 9 8 1 1 62 57 
N. H: Manchester..............-. 3 3 28 27 1 1 200 191 
N. J: i (“ws RR Ras 3 3 18 18 1 1 99 O4 
N. Mex: Albuquerque_.___.__2_ _-- 3 3 11 11 1 1 50 50 
N. Y: a a 3 3 19 19 0 0 120 115 
3, | Rare 3 3 23 23 1 1 132 124 
OO eee 3 3 18 17 0 0 115 108 
N.C: a 3 3 36 36 0 0 97 93 
7 =r eeeee 10 8 52 53 0 0 140 137 
Ohio: a a 3 3 21 20 0 0 76 73 
.... erie 3 3 20 20 0 0 100 97 
Okla: Oklahoma City........---- 3 3 21 21 0 0 59 57 
Ore: EEA vc nts wnndanwoed 5 5 28 28 0 0 139 135 
Pa: | ee eee 3 3 19 19 0 0 98 93 
EE PED 3 3 28 28 0 0 127 122 
P.R OS EE Oat 3 3 12 12 0 0 69 66 
R. I: TPIS 3 3 22 22 0 0 136 129 
8. C: 7 Ae 3 3 31 31 0 0 113 110 
i a ere 5 4 37 37 0 0 135 132 
Tenn: Chattanooga.-_........-..-- 3 3 39 38 0 0 98 92 
TTT: 3 3 31 30 0 0 61 57 
Tex Ee a ee ee 3 3 8 8 0 0 35 34 
SESE eae 3 3 19 18 0 0 51 48 
Utah: Salt Lake City............- 5 5 24 24 0 0 152 143 
Vt: SSS 3 3 24 24 2 2 147 140 
Va: (ts SEN 3 3 18 18 0 0 81 77 
Wash: Se ee ae 6 5 27 27 0 0 139 137 
I so. i be ed 5 5 25 26 0 0 124 121 
, & 2:  ~ a een 3 3 24 23 0 0 63 58 
Wis: OS “SES a Sa 3 3 16 16 1 1 110 106 
Wyo: I a0 icine Ne gaa 6 5 19 18 0 0 95 89 
PE SS, cn ecscucbucesddiece 3 3 22.7 22.4 0 0 100 95 


























* Annual averages were computed on basis of 52 weekly averages. 
> Annual averages were computed on basis of 48 weekly averages. 


Monthly variations of radionuclide concen- 
trations in milk are influenced by a number of 
combined causes such as meteorologic condi- 
tions and dairying practices, apart from con- 
siderations of original sources of radionuclides. 


July 1965 


Annual averages for barium-140 at each station were <10. 


The moving yearly average (table 1) obtained 
by updating the previous twelve-month average 
by one month, shows variations averaged over 
the year and tends to minimize purely seasonal 
variations. 
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RADIOSTRONTIUM IN CALIFORNIA MILK,! 
JANUARY 1960 THROUGH JUNE 1963 


Arnold E. Greenberg,? Amasa C. Cornish,® George S. Uyesugi,* and John M. Heslep* 


In 1960 the California State Department of 
Public Health, with the cooperation of a num- 
ber of other State and local agencies, initiated 
a broad environmental radiological surveillance 
program. Samples of various environmental 
media are collected on a regular basis and 


‘analyzed for the biologically most important 


fission products. The purpose of this report is 
to describe portions of the program and to 
present information concerning radiostrontium 
in milk. 


Sampling and analytical methods 


Initially, eight milksheds were selected for 
study. This number was increased to ten in 
early 1962. The milksheds represent different 
climatic and geographic areas and include those 
which serve the State’s major population 
centers. Seven of the milksheds range along the 
Pacific coast, while the others are located in 
the Central Valley (figure 1). The point of 
sampling within each milkshed is a processing 
plant, which handles milk from at least a 
thousand cows. Depending on the status of 
nuclear testing and general fallout levels, 
sampling frequency has varied from twice per 
week to once per month. Each sample consists 
of one gallon of milk taken from a bulk tank 
and is preserved with four milliliters of 
formalin in a polyethylene bottle. 

In most areas, supplemental information on 
environmental radioactivity is collected. This 
includes data from radioanalyses of airborne 
particulates, precipitation, dry fallout, domestic 
water, and sewage. 

Immediately upon receipt of a milk sample 
in the laboratory, it is transferred to a plastic 
Marinelli-type beaker and counted for 100 
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Figure 1. California milksheds 


minutes, using a 4 x 4-inch Nal (TI) crystal 
coupled to a 512-channel pulse height analyzer 
(1). The gamma spectral data (0-1.8 Mev) 
are analyzed for  barium-lanthanum-140, 
potassium—40, cesium-137, and iodine—131. 
Subsequently, the strontium in a one liter 
sample is precipitated as carbonate and a beta 
count is made for total radiostrontium. Stron- 
tium-90 is inferred by chemically separating 
and counting its daughter, yttrium—90. Stron- 
tium-89 is determined by subtracting stron- 
ium-90 from total radiostrontium (2). 

The strontium—90 content of milk samples 
collected during the period from January 1960 
through June 1963 is shown graphically by 
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month and milkshed in figure 2. From top to 
bottom the milksheds are arranged as they 
occur geographically from north to south. Until 
late 1961 strontium-90 concentrations were 
consistently very low. The effects of resumption 
of nuclear testing in September 1961 were 
first noted in a milk sample collected in mid- 
October from Humboldt County which had 
measurable concentrations of iodine-131 and 
strontium-90. Significant increases in stron- 
tium-90 concentrations did not occur until the 
following spring although measurable increases 
took place as early as November 1961. 

In March 1962, milk sampling was initiated 
in Del Norte and Mendocino Counties. It was 
immediately evident that levels of strontium—90 
in Del Norte County milk were considerably 
higher than any previously observed in the 
State. The levels were not abnormally high in 
comparison with other parts of the country 
until the spring of 1963. The peak value of 270 
picocuries of strontium—90 per liter was found 
in a milk sample collected from Del Norte 
County on April 23, 1963. 

In 1962 a pronounced “spring peak” occurred 
in milk strontium-90 from Del Norte County 
and to a less marked degree from other 
northern California locations. This phenomenon 
was observed to some extent for all sampling 
locations in 1963. This, of course, has also been 
found by other investigators and it has been 
theorized that the principal causal factor is the 
occurrence of seasonal discontinuities in the 
stratosphere-troposphere interface (3). The 
effect is undoubtedly enhanced in areas such 
as northern California, where a large fraction 
of the annual rainfall occurs in late winter and 
spring. 

9 DS a a coin ” 

















Figure 2. Strontium—90 in California milk, pCi/liter 
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Figure 3 shows the ratios of strontium—89 to 
strontium-90 by month for fallout and milk 
from Del Norte County. These data are useful 
in distinguishing fresh from old fission product 
debris and in estimating the “apparent” age 
of fallout material. They can also be used as an 
approximate internal check on the reliability 
of the analytical data. Since strontium—89 
decays with a half-life of about 51 days, a semi- 
logarithmic plot of the ratios with time should 
demonstrate this decay rate, as in figure 3. 
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Figure 3. Strontium—89 to strontium—90 ratio in milk and 
fallout, Del Norte County, California 


Table 1 gives ratios of cesium-137 to stron- 
tium—90 by month for milk from Del Norte and 
Humboldt Counties. The fact that over the 
interval of time involved these ratios remained 
relatively constant allowed the estimation of 
strontium-90 concentrations from cesium—137 
measurements by gamma scan analysis. Figure 
4 shows estimated strontium—90 values derived 
from cesium-137 values as well as the true 
values for strontium—90. There is no reason to 
believe that this empirical observation has any 
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Table 1. Ratio of cesium-137 to strontium-90 in milk 





Area 
Year Month 





Humboldt 


Del Norte 
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universal validity but the same procedure 
might be useful over limited time periods for 
any given area. 


It has been repeatedly shown that global 
distribution of fallout is non-uniform. Peak 
fallout has occurred in the north temperate 
zone, with a maximum at approximately 42- 
45° N latitude (4). There are also strong in- 
dications of a close relationship between 
precipitation and deposition of fission product 
debris. In California, which lies between the 
latitudes of approximately 32° and 42°N, rain- 
fall and fallout vary considerably on a geo- 
graphical basis, both generally decreasing from 
north to south, as shown in table 2. It can be 
seen, however, that neither rainfall nor latitude 
differences can satisfactorily account in full 
for variations in observed total fallout. 


Discussion 

In considering the strontium-90 content of 
milk, additional ecological and _ biological 
variables become important. Fallout com- 
ponents may enter the food chain either by 
direct foliar deposition or by plant root uptake 
from contaminated soil. Foliar deposition is 
related to the total amount and rate of fallout 
during the plant growing season. Root uptake 
is markedly influenced by soil chemistry and 
plant physiology, and is generally representa- 
tive of longer term effects. Russell (5) found 
that foliar deposition accounted for 60-70 per- 
cent of milk strontium—90 in the first year after 
a test series, but only 30 percent in the second 
year. Other investigators have observed 
different percentages. A number of factors 
would be expected to cause such values to vary 
with time and location. The magnitude and 
relative constancy of the cesium—137/stron- 
tium-90 ratios which were observed would 
suggest that foliar deposition was the pre- 
dominant consideration in California during 
1962 and for at least the first half of 1963 
(6). 

The period covered by this study, together 
with the large variations found between 
different areas of a single State, affords an 
opportunity to evaluate several of the variables 
affecting strontium—90 in milk. During the first 
part of the period there was no atmospheric 
nuclear testing and low fallout. The latter part 
of the period permitted investigation of perti- 
nent results of atmospheric testing involving 
some 100 megatons of fission energy. 

Table 3 includes, for selected locations for 
1962 and for the first six months of 1963: 1) 
the total picocuries of strontium-—90 which 


Table 2. Latitude, annual rainfall, and total beta deposition in milkshed areas 












































1961 1962 Jan.—June, 1963 
Mean eacieall a a re EY 
annual 
Location * Latitude rainfall Rainfall Total Rainfall Total Rainfall Total 
fallout fallout fallout 
inches inches nCi/m? inches nCi/m? inches nCi/m? 
Been Sees, Senet Chie... nso ciccccnsevonpedséncsess 41°46’ 70 76 1100 58 1490 39 1100 
NES SE RREOT RT EEE 64 Gen eee 40°48’ 36 40 370 35 827 24 922 
ES a ea ee. hee ee 40°34’ 38 35 650 36 2050 25 1100 
ibis EE ERE REDE SR ALS AR 39°09’ 29 21 336 28 785 18 724 
RS WONRONND.. wo a on coc acniccdcdnssctssn 38°31’ 16 _ ee 22 824 16 838 
Sa Ee eee PP ee eee 36°46’ 9 7.2 193 10 448 11 575 
Los Angeles, Los Angeles._.......-.-------- Lie. wai 33°56’ 15 7.8 330 18 434 8.9 356 
Se I, CNN Sion ocgenetunnehepcnaabeceee 32°44’ 11 5.3 278 8 462 2.6 202 





* Data from cities listed under Location are presumed to be reasonably representative of the miJksheds. This may be most in error for Del Norte where 
the mean annual rainfall in the milkshed area may be 15-30 percent higher than in Crescent City. 
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Figure 4. Cesium-137 and strontium—90 in Del Norte milk 


would have been consumed as a consequence of 
drinking one liter of milk per day; 2) the total 
fallout strontium—90, during the same period, 
in picoucuries per square meter; and 3) the 
ratio of these two. It is readily apparent from 
the ratios, particularly for Del Norte County as 
compared with other areas of the State, that 
factors other than total strontium-90 fallout 
are of great importance in determining stron- 
tium-90 concentrations in milk. These factors 
must relate to the ecological and biological 
events between the occurrence of fallout and 
the appearance of strontium—90 in milk. One 
might expect to find an explanation on the 
basis of such agricultural practices as land 
management and cattle feeding patterns. 


Table 3. Strontium-90 in total fallout and in milk 





























1962 January-June 1963 
Total Total Total Total P 
Milkshed pCi fallout Ratio pCi fallout Ratio 

Sr Sr A Sr Sr A 

from 1 | pCi/m? —- from 1 | pCi/m? — 

liter/day (B) B liter/day| (B) B 

) (A) 
Del Norte____.| 12,200 2,990 4.1 | 18,200 4,330 4.2 
Sonoma.---..--- 1 ,800 2,240 0.8 3,230 3,520 0.9 
Sacramento_.__| 1,240 2,110 0.6 1 ,600 2 ,420 0.3 
Fresno_.__._-- 960 | 2,110 0.5 1 ,060 6 ,320 0.2 
Los Angeles. - .| 830 | 1,540 0.5 645 2 ,580 0.2 
San Diego. --| 885 | 2,890 0.3 620 2 ,420 0.3 
| 








A onnetel and detailed study in the St. Louis 
area (7) clearly demonstrated that wide varia- 
tions in milk strontium—90 and iodine-131 from 
different farms in the same area could be 
accounted for solely by differences in land man- 
agement and fertilization practices. It is sug- 
gested that milk strontium—90 concentration is 
inversely proportional to the weight of plant 
material produced per unit area of land. 

The data presented in this paper cannot be 
used as a direct test of this statement. On the 
other hand, it appears reasonably logical on 
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intuitive grounds. Field observations in 
northern California substantiate it qualita- 
tively. A special study now under way in Del 
Norte, Humboldt, and Shasta counties has as 
its objectives a more detailed elucidation of 
factors influencing strontium—90 levels in milk 
and means by which such levels might be 
reduced by changes in agricultural practices. 


Summary and conclusions 


Data on strontium-90 in California milk 
from January 1960 through June 1963 have 
been presented and analyzed. Within the State, 
levels of milk strontium—90 have varied from 
among the lowest to the highest values reported 
in the United States. These differences are due 
in part to geographical and climatic conditions 
in which rainfall with its attendant burden of 
fission products is the single most important 
factor. Climate alone does not account for all 
the differences; agricultural practices must also 
play a significant role. These factors are cur- 
rently under investigation. 
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RADIONUCLIDES IN INSTITUTIONAL DIET SAMPLES, 
OCTOBER—DECEMBER AND ANNUAL AVERAGES, 1964 


Division of Radiological Health 
Public Health Service 


The determination of radionuclide concentra- 
tions in the diet constitutes an important ele- 
ment of an integrated program of environ- 
mental radiation surveillance and assessment. 
In recognition of the potential significance of 
the diet in contributing to total environmental 
radiation exposures, the Public Health Service 
initiated its Institutional Total Diet Sampling 
Network in 1961. This program is administered 
by the Division of Radiological Health with the 
assistance of the Division of Environmental 
Engineering and Food Protection (1). 


The program is designed to estimate the 
dietary intake of radionuclides in a selected 
population group ranging from children to 
young adults of school age. Initially the pro- 
gram was conducted at eight institutions; as 
of December 1964 its scope had increased to 
46 boarding schools or institutions, distributed 
as shown in figure 1. These institutions range 
from financially well-to-do boarding schools 
to orphanages with severe economic limitations. 
All but five of the stations are located in a 
community where the PHS Pasteurized Milk 


Network collects samples; special or State 
milk samples are obtained from Los Angeles, 
California; Columbia, Mississippi; Carson 
City, Nevada; Sioux Falls, South Dakota; and 
Fargo, North Dakota. 


Sampling procedure 


In general, the sampling procedure is the 
same at each institution. Each sample 
represents the edible portion of the diet for a 
full 7-day week (21 meals plus soft drinks, 
candy bars, or other in-between snacks), ob- 
tained by duplicating the meals of a randomly 
selected individual each day. Each institution 
supplies one complete 7-day, 21l-meal diet 
sample each month. Each daily sample is kept 
frozen until the end of the collection period. 
The total sample is packed in dry ice and 
shipped by air express to either the South- 
western Radiological Health Laboratory, Las 
Vegas, Nevada; the Southeastern Radiological 
Health Laboratory, Montgomery, Alabama; or 
the Northeastern Radiological Health Labora- 
tory, Winchester, Massachusetts. 
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Figure 1. Institutional diet sampling locations 
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Table 1. Institutional diet analytical results (based on a 7-day composite sample each month), 


fourth quarter 1964 





























Dietary | Stable elements, g/kg Radionuclide concentrations, pCi/kg * 
Location of institution Age Month | consump- Rs 
(years) | (1964) tion : 
(kg/day) | Calcium | Potassium 89Sr Sr 137Cg 22%Ra 

RE Re ee ESSE 15-17 Oct 2.43 0.5 1.0 <5 13 45 bNA 
15-17 Nov Saae 0.4 1.2 10 15 45 NA 
15-17 Dec 2.34 0.5 1.2 <5 17 50 NA 
Se DRE vs vowicndnsiascassdccewweeeeneen 11 Oct 1.57 0.4 1.6 <5 20 80 0.6 
10-12 Nov 1.62 0.5 ie <5 14 75 0.5 
10-12 Dec 1.45 0.4 1.6 <5 14 100 0.9 
ais RIN Nin doco ads opie ce 6 10-12 Oct 1.72 0.8 $3 <5 28 50 NA 
11-12 Nov 1.82 0.7 1.2 <5 19 50 NA 
11-12 Dec 1.92 0.7 1.1 <5 27 35 NA 
RS” epee eee 12-13 Oct 2.21 0.6 1.3 <5 8 55 0.7 
12-14 Nov 2.03 0.8 eS <5 8 20 0.2 
11-15 Dee 1.35 0.5 1.3 <5 18 35 0.9 
as MI i ts acres cn abteins ap elsiic annie deren 10-12 Oct 2.50 0.7 1.5 <5 16 50 1.1 
10-12 Nov 2.28 0.8 Rue <5 8 30 0.6 
10-12 Dec 1.94 0.5 1.4 <5 10 55 0.8 
a SE ee a eee eee 15-18 Oct 1.82 0.6 1.3 <5 8 70 0.4 
12-18 Nov 1.78 0.6 1.6 <5 9 70 0.3 
13-18 Dec 1.87 0.7 mY <5 13 90 0.8 
SE Peete eee Co 11-12 Oct 1.87 0.8 LF <5 13 85 0.7 
11 12 Nov 1.94 0.8 1.6 <5 13 65 0.6 
11-12 Dec 1.86 0.7 1.7 <5 11 65 0.7 
NN OC ETE LEE Te See ee 9-12 Oct 2.20 0.7 1.2 <5 17 125 NA 
10-13 Nov 1.90 0.7 1.4 5 16 140 NA 
10-12 Dec 2.39 0.8 1.2 <5 16 165 NA 
GS fat be a eet aos kan a im ndidiaing eee 5-14 Oct 1.47 0.6 1.2 10 26 70 NA 
8-17 Nov 1.93 0.7 1.6 <5 27 60 NA 
14-17 Dec 1.84 0.8 1.5 <5 28 60 NA 
EE NS anc casa cietiwiine a wiete eee 15-17 Oct 1.69 0.6 1.3 <5 22 75 0.6 
14-17 Nov 1.73 0.6 |. aie <5 6 0.9 
15-17 Dec 1.49 0.4 1.4 <5 12 105 0.4 
NS oa cakes buen cue omen 16-17 Oct 2.23 0.7 1.1 <5 13 bNA 
(°) Nov NS NS NS NS NS NS NS 
17 Dec 1.65 0.7 1.5 <5 16 100 1.3 
EE A ee ee oe ee Pee 12 Oct 1.57 0.6 1.6 <5 9 65 0.6 
11-12 Nov 1.40 0.8 1.4 <5 12 70 0.5 
9-12 Dec 1.48 0.7 1.6 <5 12 70 0.8 
IOI acini dt ns we oeidne a dmred ein beree 10-12 Oct 1.56 0.8 1.5 <5 11 55 0.6 
11-12 Nov 1.76 0.8 1.6 <5 ll 60 0.7 
10-12 Dec 1.61 0.7 1.5 <5 9 75 0.6 
I issu caverns be nat twaied as anna eam elma 15-16 Oct 2.84 0.8 1.3 5 22 60 NA 
15-17 Nov 3.15 0.6 1.6 <5 15 45 NA 
15-17 Dec 3.04 0.7 1.5 <5 14 55 NA 
PES ns en i oe aa 10 Oct 2.26 0.6 1.2 <5 9 35 NA 
12 Nov 2.63 0.4 1.3 <5 10 40 NA 
10 Dec 1.95 0.7 1.5 <5 14 35 NA 
a Eg a ait kis ap la nl piescghingen Sh eli 15-17 Oct 2.11 0.9 1.0 5 25 30 NA 
15-16 Nov 1.64 0.5 1.3 <5 14 40 NA 
15-17 Dec 3.13 0.8 Fe | <5 21 45 NA 
Th, SOIR bg os eck vidnckccesneetdesceal 15-17 Oct 2.48 0.7 1.2 <5 22 50 NA 
15-17 Nov 2.69 0.6 1.4 <5 21 60 NA 
15-16 Dec 2.60 0.5 1.3 <5 25 45 NA 
ne ee ee eae ae 15-16 Oct 2.44 0.7 1.6 <5 18 90 0.7 
14-15 Nov 2.30 0.8 1.4 <5 17 105 0.8 
14 Dec 2.37 0.8 1.5 <5 19 100 0.7 
NN ie ae 11-12 Oct 1.83 0.6 1.2 5 15 50 NA 
11-12 Nov 1.93 0.8 1.6 <5 15 50 NA 
10-12 Dec 1.93 0.7 1.2 10 15 60 NA 
Ee ee, en 10-12 Oct 1.55 0.8 1.6 <5 15 105 0.4 
10-12 Nov 1.55 0.7 1.3 5 16 90 0.4 
10-12 Dec 1.55 0.7 1.6 <5 15 115 0.4 
es ae ee ee 10-12 Oct 1.93 0.8 1.5 <5 10 75 1.1 
10-12 Nov 2.13 0.6 1.2 <5 10 65 0.7 
11-12 Dec 2.04 0.6 1.4 <5 12 70 0.7 
I a Be se ee 15-18 Oct 2.32 1.4 1.0 <5 41 75 NA 
13-18 Nov Roan 0.8 1.3 <5 33 90 NA 
15-17 Dec 2.06 0.9 1.4 10 23 70 NA 
er RN, 6. 0 hal bwbaeteh id reas Winisiy arial aula 15-18 Oct 2.34 0.7 1.6 <5 22 55 cae 
15-17 Nov 2.06 0.6 1.1 <5 20 45 1.4 
15-17 Dec 1.63 0.5 1.5 <5 15 80 0.5 
SR I kts a cakkavaeth bbe Sases eae 16 Oct 1.52 0.7 2.0 <5 14 65 0.8 
15 Nov 1.81 0.5 1.2 <5 10 80 0.9 
15-16 Dec 1.60 0.5 1.3 <5 12 80 0.7 
I ns oS a cle slic entiabawan sare 15 Oct 2.28 0.7 1.5 <5 16 40 0.7 
15-16 Nov 1.98 0.8 1.4 <5 23 55 1.7 
15-18 Dec 1.63 0.5 1.3 <5 13 55 0.4 
a PD OT 6 bic oi dis cin ad ea knwewanweb ee 15-17 Oct 1.90 0.7 1.6 <5 10 45 0.9 
15-17 Nov 1.72 0.7 1.4 <5 10 55 0.7 
14-15 Dec 1.26 0.7 1.3 <5 17 50 1.4 
es Acca tcadcceatasasankeatann atte 15-17 Oct 2.46 0.6 1.3 <5 10 85 13 
14-16 Nov 2.34 0.5 1.3 <5 ll 70 Rie 
15-17 Dec 2.32 0.4 1.6 <5 10 10 1.4 
ny SD... g cmhowsensccenenscuee 10-12 Oct 1.73 0.8 1.5 <5 14 50 0.4 
10-12 Nov 1.85 i 1.6 <5 12 70 0.6 
10-12 Dec 1.63 0.8 1.7 <5 13 45 1.3 
Si SR ME, idasocnededes bikie asemue (¢) Oct NS NS NS NS NS NS NS 
(¢) Nov NS NS NS NS NS NS NS 
6-17 Dec 2.08 0.6 1.6 <5 1l 75 0.6 
ice MNO a ig: tine ote wakeeanckecr sient 15-18 Oct 1.64 0.7 1.0 10 25 55 NA 
13-17 Nov 1.77 0.9 1.0 <5 32 55 NA 
13-18 Dec 1.43 0.7 Fe <5 21 55 NA 

cis darn cit de neues sabtadninals keel 10-12 Oct 1.48 0.8 1.6 <5 18 75 Ba 
10-12 Nov 1.46 0.9 1.3 <5 14 70 0.4 
7-12 Dec 1.12 0.6 1.5 <5 16 70 0.4 
STEERER Be Sanne ete enna ae ae 10-12 Oct 2.03 0.6 1.5 <5 12 65 0.5 
10 Nov 1.65 0.7 1.7 <5 12 70 0.5 
10-12 | Dec 1.56 0.7 1.4 <5 12 60 0.5 
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Table 1. Institutional diet analytical results (based on a 7-day composite sample each month), 


fourth quarter 1964—Continued 












































Dietary | Stable elements, g/kg Radionuclide concentrations, pCi/kg * 
ie Location of institution Age Month | consump- Peaks a 
(years) | (1964) tion 
(kg/day) | Calcium | Potassium 89Sr Sr 7Cs 2*Ra 

TA Ee See pee ae 11-14 Oct 1.90 0.8 3 <5 14 40 NA 
TA 11-12 Nov 1.73 0.7 1.5 <5 16 45 A 
TA 11-12 Dec 1.76 0.8 1.5 <5 16 40 NA 
.6 ae ee a eS 13-17 Oct 2.41 0.5 1.5 <5 11 55 0.5 
5 13-17 Nov 2.31 0.6 1.9 <5 10 55 0.9 
.9 13-17 ec 1.46 0.4 2.0 <5 11 80 0.7 
VA | Go tcecck cceckntcesccuenscasunel 15-16 Oct 1.90 0.7 1.4 <5 17 75 0.8 
NA 14-16 Nov 1.93 0.7 1.5 <5 18 80 0.8 
NA 14-16 Dec 2.10 0.6 1.5 <5 14 70 0.7 
).7 8 Es a See 7-12 Oct 1.69 0.5 0.9 <5 17 50 NA 
).2 7-15 Nov 1.87 0.4 ..2 <5 19 NA 
)».9 (¢) Dec NS NS NS NS NS NS NS 
2s eh NN ret aici os neninid weliiecsceteiadaemarel (¢) Oct NS NS NS NS NS NS NS 
).6 , e) Nov NS NS NS NS NS NS N 
».8 10-12 Dec 1.62 0.7 1.8 <5 19 90 0.5 
0.4 Pa EES ii iccdck bees cusepebnnecetnnean 15-16 Oct 1.83 0.6 o.3 10 13 40 NA 
0.3 15-16 Nov 1.34 0.4 1.0 <5 16 25 NA 
0.8 14-17 Dec 1.56 0.6 1.5 <5 14 45 NA 
0.7 ed: A ti canisadtidustnat bebiedbeswene 14-16 Oct 1.98 0.5 1.0 5 s 30 NA 
0.6 14-15 Nov 2.02 0.5 i <5 15 30 NA 
0.7 13-17 Dec 2.27 0.5 1.0 <5 10 25 NA 
NA Ee ee err me 12-18 Oct 1.05 0.7 1.5 <5 15 75 1.0 
NA 15-17 Nov 1,21 0.6 1.5 <5 6 50 0.3 
N 12-18 Dec 1.41 0.5 1.6 <5 14 85 0.6 
NA Ws I oi Sect dniceseneneetinnnadlone 11-12 Oct 1.77 0.5 1.4 <5 10 70 0.6 
NA 11-12 Nov 1.60 0.7 SR, <5 13 75 1.0 
NA 10-12 Dec 1.42 0.7 1.8 <5 13 90 0.8 
0.6 Wig: Mh nj bw & bdo oda Saas eels ae enna 15-16 Oct 2.20 0.5 1.0 5 17 55 NA 
0.9 14-17 Nov 2.20 0.5 1.0 <5 20 60 NA 
0.4 15-17 ec 2.22 0.5 . 1.0 5 14 45 NA 
NA WT I So acca cebinndaeunebuceetiuedenn 15-17 Oct 1.69 0.7 1.7 <5 15 85 0.7 
NS 15-17 | Nov 1.83 0.8 1.7 <5 32 95 0.4 
1.3 16-17 Dec 1.12 0.5 1.5 <5 21 100 0.4 
0.6 Wy) ing HN, oubain dentnencemahnewanensee 10-12 Oct 1.92 0.7 1.3 <5 20 65 NA 
015 10-12 | Nov 1.80 0.7 1.8 <5 25 70 NA 
0.8 10-12 Dec 1.76 0.8 1.2 <5 27 70 NA 
0.6 , es SES 0st) ec ceeeekemneeseneulend 15-17 Oct 2.63 0.6 1.6 <5 8 70 0.6 
0.7 15-17 Nov 2.46 0.7 1.4 <5 9 60 0.6 
0.6 13-17 Dec 2.22 0.7 1.5 <5 8 65 0.5 
NA i, PN an tinwccdocnsascenebiwane: pada 11 Oct 1.61 0.7 1.6 <5 12 55 0.9 
NA 11 | Nov 1.52 0.7 1.7 <5 13 65 1.1 
N 11 | Dee 1.41 0.7 1.7 <5 15 80 NA 
NA 
NA EE AE ae Be Oct 1.97 0.7 1.4 <5 16 60 0.8 
NA Nov 1,92 0.7 1.4 <5 15 60 0.7 
NA Dec 1.81 0.6 1.4 <5 15 70 0.7 
NA 
NA * All barium-140 and iodine-131 levels were below the minimum detectable concentration (10 pCi/kg). 
NA b NA indicates no analysis. 
NA ¢ NS indicates no sample received. 
0.7 
0.8 
FH The sample for each day is packaged in three program. Stable calcium and stable potassium 
NA arts: (1) solid food and semi-solid food minus determinations are obtained by conventional 
NA . . . . . . 
ey those portions that would not ordinarily be gravimetric or spectrophotometric methods. 

eaten; (2) liquid milk; (3) other beverages The radioanalysis program is designed 

such as soft drinks, coffee, and tea. Drinking around three basic procedures: (1) gamma 

water is not included in these samples; how- spectrometry; (2) chemical separation of 
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COP RK DORON OOU RNP PP se 


ata 











ever, a water sample is collected from each 
institution at least once a year for analysis. A 
record of the contents of each meal and the 
approximate amount of each item is made at 
the institution and sent with the sample. 
Sample volumes usually range from 6 to 16 
liters; sample weights range from 8 to 20 kilo- 
grams. 


July 1965 


strontium with subsequent counting for stron- 
tium-89 and strontium-90; and (3) radium-— 
226 analysis. In the absence of interferences 
other than that from naturally occurring radio- 
active potassium (*°K), minimum detectable 
concentrations for iodine-—131, cesium-137, and 
barium-140 by gamma spectrometry are 10 
pCi/kg. Approximate minimum detectable con- 
centrations for strontium-89, strontium—90, 


NS Analytical procedures and radium-226 are: 5, 1, and 1 pCi/kg, 
NA Because calcium compounds may have an respectively. 

NA effect on the uptake of important bone-seeking Data 

0:4 radionuclides such as strontium-89 and stron- 

0:5 tium-90 (2), they are included in the analytical Table 1 gives the results of the laboratory 
0.5 
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Table 2. Institutional diet daily intakes (based on a 7-day composite sample each month), 
x fourth quarter 1964 






































Dietary | Stable elements, g/day Radionuclide concentrations, pCi/day * 
Location of institution Age Month | consump- 
(years) | (1964) tion 2 
(kg/day) | Calcium | Potassium 89Sr Sr 131Cg 2%Ra 

i I, -... ciebedesaubedwaenadeull 15-17 Oct 2.43 1.2 2.4 5 32 110 b’NA 
15-17 Nov 2.17 0.9 2.6 20 33 100 NA 
15-17 Dec 2.34 1.3 2.8 5 40 115 NA 
i a os ele 11 Oct 1.57 0.6 2.5 5 31 125 1 
10-12 Nov 1.62 0.8 1.8 5 23 120 1 
10-12 Dec 1.45 0.6 2.3 5 20 145 1 
ES OP eS, ee ae 10-12 Oct 1.72 1.4 1.9 5 48 85 NA 
11-12 Nov 1.82 1.3 2.2 5 35 90 NA 
11-12 Dec 1.92 1.3 2.1 5 52 65 NA 
eS EOE ELE 12-13 Oct 2.21 1.3 2.9 5 18 120 2 
12-14 Nov 2.03 1.6 3.5 5 16 40 0 
11-15 1.35 0.7 1.8 5 24 45 1 
EES PALER I EE 10-12 Oct 2.50 1.8 3.8 5 40 125 3 
10-12 Nov 2.28 1.8 3.9 5 18 70 1 
10-12 1.94 1.0 2.7 5 19 105 2 
NS EEE EE EOL OO ATE 15-18 Oct 1.82 BR! 2.4 5 15 125 1 
12-18 Nov 1.78 1.1 2.8 5 16 125 1 
13-18 Dec 1.87 1.3 3.2 5 24 170 1 
en ee ares res 11-12 Oct 1.87 1.5 3.2 5 24 160 1 
11-12 Nov 1.94 1.6 3.1 5 25 125 1 
11-12 Dec 1.86 1.3 3.2 5 20 120 1 
Ee en on 9-12 Oct 2.20 1.5 2.6 5 37 275 NA 
10-13 Nov 1.90 1.3 2.7 10 30 265 NA 
10-12 Dec 2.39 1.9 2.9 5 38 395 NA 
Ng Se ee ane RT Se AL aE Te oe 5-14 Oct 1.47 0.9 1.8 15 38 105 NA 
8-17 Nov 1.93 1.4 3.1 5 52 115 NA 
14-17 Dec 1.84 1.5 2.8 5 52 110 NA 
SE ES ee eS 15-17 Oct 1.69 1.0 2.2 5 37 125 1 
14-17 Nov 1.73 1.0 1.9 5 10 85 2 
15-17 Dec 1.49 0.6 |- 2.1 5 18 155 1 
SEE ELE EET 16--17 Oct 2.23 1.6 2.5 5 29 110 NA 
(°) Nov NS NS NS NS NS NS NS 
17 Dec 1.65 1.2 2.5 5 26 165 2 
SLE OO CROLL RE 12 Oct 1.57 0.9 2.5 5 14 100 1 
11-12 Nov 1.40 ee | 2.0 5 17 100 1 
9-12 Dec 1.48 1.0 2.4 5 18 105 1 
i DL... wccavskéendeneworensatneae 10-12 Oct 1.56 a 2.3 5 17 85 1 
11-12 Nov 1.76 1.4 2.8 5 19 105 1 
10-12 Dec 1.61 1.1 2.4 5 14 120 1 
D6. . 6 ocedcdbecsuednawsesavaman 15-16 Oct 2.84 2.3 3.4 15 62 170 NA 
15-17 Nov 3.15 1.9 5.0 10 47 140 NA 
15-17 Dec 3.04 2.1 4.6 10 43 165 NA 
EE EEE ene eae re re ee ee 10 Oct 2.26 1.4 2.7 5 20 80 NA 
12 Nov 2.63 oT 3.4 26 105 NA 
10 Dec 1.95 1.4 2.9 5 27 70 NA 
EE ee eee ee ee 15-17 Oct 2.11 1.9 2.1 10 53 65 NA 
15-16 Nov 1.64 0.8 2.1 5 23 65 NA 
15-17 Dec 2.12 1.7 2.5 5 45 95 NA 
Di, DD, .. cdc cccncesesaccesucuasssetes 15-17 Oct 2.48 1.7 3.0 5 55 125 NA 
15-17 Nov 2.69 1.6 3.8 5 56 160 NA 
15-16 Dec 2.60 1.3 3.4 5 65 115 NA 
ER ae EEN Oe 15-16 Oct 2.44 1.7 3.9 5 44 220 2 
14-15 Nov 2.30 1.8 3.2 5 39 240 2 
14 Dec 2.37 1.9 3.6 5 45 235 2 
EF ere ee es ne 11-12 Oct 1.83 1.1 2.2 10 27 90 NA 
11-12 Nov 1.93 1.5 3.1 5 29 95 NA 
11-12 Dec 1.93 1.4 2.3 20 29 115 NA 
NN I Ee RO 10-12 Oct 1.55 1.2 2.5 5 23 165 1 
10-12 Nov 1.55 1.1 2.0 10 25 140 1 
10-12 Dec 1.55 c38 2.5 5 23 180 1 
ES EEO TATE SS 10-12 Oct 1.93 1.5 2.9 5 19 145 2 
10-12 Nov 2.13 1.3 2.6 5 21 140 1 
11-12 Dec 2.04 1.2 2.9 5 24 145 1 
IN iG can wena main gdhaianaeur eae 15-18 Oct 2.32 3.2 2.3 5 95 175 NA 
13-18 Nov >. Sze 1.4 2.2 5 56 155 NA 
15-17 Dec 2.06 1.9 2.9 20 47 145 NA 
PINS 0 bid orien daeceidenuca Ramaeh tee 15-18 Oct 2.34 1.6 3.7 5 51 130 3 
15-17 Nov 2.06 1.2 2.3 5 41 95 3 
15-17 Dec 1.63 0.8 2.4 5 24 130 1 
I a aii rac nia ai ae al see 16 Oct 1.52 1.1 3.0 5 21 100 1 
15 Nov | 1.81 0.9 2.2 5 18 145 2 
15-16 Dec 1.60 0.8 1.9 5 19 130 1 
oi oe ae ee ts ee 15 Oct 2.28 1.6 3.4 5 36 2 
15-16 Nov 1.98 1.6 3.0 5 46 110 3 
15-18 Dec 1.63 0.8 2.1 5 2r 1 
Fp MI ai no eiddcconeenenntonnentsntt 15-17 Oct 1.90 1.3 3.0 5 19 85 2 
15-17 Nov 1.72 1.2 2.4 5 17 95 1 
14-15 Dec 1.26 0.9 1.6 5 21 65 2 
hE Se ee eee 15-17 Oct 2.46 1.5 3.2 5 25 210 3 
14-16 Nov 2.34 1.2 3.0 5 26 165 3 
15-17 Dec 2.32 0.9 3.7 5 23 140 3 
Tee BOUE,, CIID... ncn cccceccccusscconcecce 10-12 | Oct 1.73 1.4 2.6 5 24 85 1 
10-12 Nov 1.85 3.1 3.0 5 22 130 1 
10-12 Dec 1.63 1.3 2.8 5 21 75 2 
Re ee eee eee (°) Oct NS NS NS NS NS NS NS 
(¢) Nov NS NS NS NS NS NS NS 
6-17 Dec 2.08 1.2 3.3 5 23 155 1 
Ee AEE 15-18 Oct 1.64 1.1 1.6 15 41 90 NA 
13-17 Nov 1.77 1.6 1.8 5 57 95 NA 
13-18 Dec 1.43 1.0 1.6 5 30 80 NA 
ee ID «c.cddinnnesniummuneminbdedddindicnutel 10-12 Oct 1.48 e 2.4 5 27 110 2 
10-12 Nov 1.46 1.3 1.9 5 20 100 1 
7-12 Dec 1.12 0.7 1.7 5 18 80 0 
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Table 2. Institutional diet daily intakes (based on a 7-day composite sample each month), 
fourth quarter 1964—Continued 
j ’ Dietary | Stable elements, g/day Radionuclide concentrations, pCi/day * 
ial Location of institution Age Month | consump- 
(years) | (1964) tion 
8 (kg/day) | Calcium | Potassium Sr Sr 181Cg ™Ra 
>NA ee Sea ee CRE Peer ce 10-12 | Oct 2.03 1.2 3.0 5 24 130 1 
NA } 10 | Nov 1.65 1.2 2.8 5 20 115 1 
NA 10-12 | Dee 1.56 1.1 2.2 5 19 95 1 
1 es ET na cenwicwqecelsial 11-14 Oct 1.90 1.5 2.3 5 27 75 NA 
1 11-12 Nov 1.73 1.2 2.6 5 28 80 NA 
1 11-12 | Dec 1.76 1.4 2.6 5 28 70 NA 
NA Ci I x. eis ictrcnccnk teststetd cccckedake 13-17 | Oct 2.41 1.2 3.6 5 27 135 1 
NA 13-17 | Nov 2.31 1.4 4.4 5 23 125 2 
NA 13-17 | Dec 1.46 0.6 2.9 5 16 115 1 
2 i I i a 15-16 Oct 1.90 1.3 2.7 5 32 140 2 
0 14-16 | Nov 1.93 1.4 2.9 5 35 155 2 
1 14-16 Dec 2.10 1.3 3.2 5 29 145 1 
3 DG nk, cndtinctcttinatetistsioicd 7-12 Oct 1.69 0.8 1.5 5 29 85 NA 
1 7-15 Nov 1.87 0.7 2.2 5 36 150 NA 
2 (¢) Dee NS NS NS NS NS NS NS 
1 na ne ee (e) Oct NS NS NS NS NS NS NS 
1 (¢) Nov NS NS NS NS NS NS NS 
1 10-12 | Dec 1.62 1.1 2.9 5 31 145 1 
1 pS ee a eee 15-16 | Oct 1.83 1.1 2.0 20 24 75 NA 
1 15-16 | Nov 1.34 0.5 1.3 5 21 35 NA 
1 14-17 | Dee 1.56 0.9 2.3 5 22 70 NA 
NA is I ta i ee ee nies 14-16 | Oct 1.98 1.0 2.0 10 16 60 NA 
NA 14-15 | Nov 2.02 1.0 2.2 5 30 60 NA 
NA 13-17 | Dec 2.27 1.1 2.3 5 23 55 NA 
NA MI, I i 12-18 | Oct 1.05 0.7 1.6 5 16 80 1 
NA 15-17 | Nov 1.21 0.7 1.8 5 7 60 0 
NA 12-18 | Dec 1.41 0.7 2.3 5 20 120 1 
1 ra i i ie 11-12 Oct 1.77 0.9 2.5 5 18 125 1 
2 11-12 | Nov 1.60 1.1 2.7 5 21 120 2 
1 ‘ 10-12 Dec 1.42 1.0 : 2.6 5 18 130 1 
NA aiid: Cutcisircaaniatinlbtane caine deka 15-16 | Oct 2.20 1.1 2.3 10 37 120 NA 
NS 14-17 | Nov 2.20 1.1 2.2 5 44 130 NA 
2 15-17 Dec 2.22 » 2.2 10 31 100 NA 
1 Mas TIN lil co i i 15-17 Oct 1.69 1.2 2.9 5 25 145 1 
1 15-17 Nov 1.83 1.5 3.1 5 59 175 1 
1 16-17 Dec 1.12 0.6 1.7 5 24 110 0 
1 Ts cs I i i 10-12 Oct 1.92 1.3 2.5 5 38 125 NA 
1 10-12 Nov 1.80 1.3 3.2 5 45 125 NA 
1 " 10-12 | Dec 1.76 1.4 2.1 5 48 125 NA 
NA EE OOM OTT ET 15-17 Oct 2.63 1.6 4.2 5 21 185 2 
NA 15-17 Nov 2.46 1.7 3.4 5 22 150 1 
NA 13-17 Dec 2.22 1.6 3.3 5 18 145 1 
NA pe EEE ee a ee fe ae ee 11 Oct 1.61 1.1 2.6 5 19 90 1 
NA 11 Nov 1.52 1.1 2.6 5 20 100 2 
a. 1l Dec 1.41 1.0 2.4 5 21 115 NA 
NA I I 6 dct acnnciwurdtotncnnscanaew Oct 1.97 1.3 2.6 5 31 120 2 
NA Nov 1.92 1.3 2.7 5 30 120 1 
NA Dec 1.81 1.2 2.6 5 28 125 1 
NA 
2 * All barium-140 and iodine-131 analyses indicate levels below detection limits. 
2 > NA indicates no analysis. 
ay © NS indicated no sample received. 
NA 
: analyses of the food samples collected during Certain of the radiochemical results are 
: October through December 1964. Stable ele- reported by the laboratories as being “less- 
; ments are reported in grams per kilogram of than” (<) a specified value. For data computa- 
uA diet, and radionuclide concentrations are tions “less-than” values were interpreted as 
“~ expressed as picocuries per kilogram of diet. zero for <10 pCi/kg values for iodine-131 and 
; Table 2 presents the dietary intake data barium-140 and 2.5 pCi/kg for strontium—90, 
; expressed on a per-day basis from October and <5 pCi/kg of strontium-89. 
: through December 1964 for the 46 institutions From table 1 it is seen that for the last 
from which samples were received. The intake quarter of 1964 the average food intake ranged 
; values in this table were obtained by multiply- from 1.05 to 3.15 kg/day with an average of 
; ing the food consumption rate in kg/day times 1.90 kg/day. 
: the concentration values in grams or picocuries From table 2 it is seen that the calcium 
; per kilogram of diet (given in table 1). Also intake ranged from 0.5 to 3.2 g/day with the 
ne contained in the table is the range of ages of network average being 1.3 g/day. Potassium 
~ the children from which samples are being intake ranged from 1.3 to 5.0 g/day around an 
er obtained. The reported radionuclide concentra- average of 2.6 g/day. 
NA tions of these samples are corrected for radio- Strontium-89 intakes ranged from 5 to 20 
2 
4 active decay to the midpoint of the sample col- pCi/day with an average of 5 pCi/day. The 
lection period where applicable. strontium-90 intakes during this quarter 
Data July 1965 875 











averaged 30 pCi/day and ranged from 7 to 95 
pCi/day. The daily intake was greater than 
62 pCi/day at only one station. Applicable 
guidance given by the Federal Radiation Coun- 
cil (FRC) Range II for strontium-—89 is 200 to 
2000 pCi/day. The FRC Range II for stron- 
tium-90 is 20 to 200 pCi/day (3). 

Although the intake of cesium-137 ranged 
from 35 to 395 pCi/day, the network average 
for October to December 1964 remained around 
120 pCi/day. The high value was observed in 
Tampa, Florida, reflecting continuing higher 
cesium-137 levels in Florida milk relative to 
the national average. 


During this quarter, both barium-140 and 


iodine-131 concentrations were below detect- 
able levels. 


Annual averages 


Annual average radionuclide concentrations 
in 1964 institutional total diet samples are 
given in table 3. Table 4 presents the annual 
average radionuclide intakes as determined for 
1964 by the Institutional Total Diet Sampling 
Network. The annual average daily intake 
varied from 1.39 to 2.58 kg/day, with a mean 
of 1.93 kg/day. Annual average calcium 
intakes ranged from 0.8 to 1.9 grams per day, 
with a mean of 1.2 grams/day. Potassium 


annual average daily intakes ranged from 1.9. . 


to 3.7 grams per day with a mean of 2.6 grams 
per day. 

Annual average daily intakes of strontium— 
89 in 1964 ranged from 0 to 15 pCi/day with 
an overall average of 5 pCi/day. These values 


Table 3. Annual average calcium, potassium, and radionuclide concentrations in institutional dietary 
analysis program, 1964 
































: : Total (grams per kg) Radionuclide concentrations, pCi/kg * 
Location of institution wet. 
(kg./day) : : 

Calcium | Potassium 89Sr Sr 137Cg 22Ra 
iG... 2. tut caecustbhedanedddmnemiekanseobddae eee 2.23 0.5 1.1 <5 13 45 NA 
ETE SSE ey Oe ant Rear as Ss ee 1.50 0.6 1.4 <5 -20 105 0.7 
ns 2h he ai nig doe bs hh oes Re Ga eterna aaa ener 1.79 0.6 1.2 <5 26 65 61.9 
RTE ee ee a ee 1.79 0.6 1.6 <5 19 50 0.6 
a aera iii pease haa ac areal Rien pip gia 2.42 0.6 1.5 <5 13 60 0.7 
Es C8 ov ie amine. vis dsl Cwm ane ead mane ee 1.86 0.6 1.5 <5 11 80 0.5 
eee enone tole saan 1.88 0.8 1.6 <5 16 90 0.6 
ES oe a Se oe A eid Sica badoaa ae wide eee 2.16 0.7 2 <5 14 135 b1.9 
I ad lek ah i Sh th Ge eid Rc he a ee 2.01 0.5 1.2 <5 20 b1.1 
EEE TO ETE te PCE ee ne ee 1.71 0.5 1.3 5 11 70 0.9 
in i ncindncckckanenwovkee uu wa ea dedne wena tkan 1.94 0.6 1.5 <5 24 125 0.6 
ne ns eee wae aan eae dik ane 1.57 0.7 1.5 <5 14 90 0.5 
CS EA ee ee 1.69 0.8 1.6 <5 13 65 0.7 
gem taew eas kenlineaas 2.56 0.7 2 <5 19 55 NA 
I a cial a ae died 2.12 0.6 1.3 <5 13 50 NA 
Ne eee ce pee me weu ms A cb adde niece erence nm 1.95 0.7 nee <5 20 40 NA 
a ee a oe ee mweiiekbet 2.58 0.6 1.4 <5 26 90 b2.4 
RARER I IS REE IRE RE SS PN A SER ee 2.29 0.7 1.5 <5 20 120 0.6 
I a ee 1.96 0.7 1.3 <5 18 NA 
ETSY VR On ee Pee eee 1.69 0.7 1.6 <5 20 150 0.4 
A SOE La 2.01 0.7 1.4 <5 12 75 0.8 
I EE ETE CREE Ee 1.74 0.5 1.4 5 18 90 0.7 
EE STEERS EE aS a Ee ee aR LS 1.97 0.9 1.3 5 31 125 b3.0 
SSE 5 eS a ie ES ete See 2.43 0.6 1.4 5 19 60 0.9 
ERR Geese a eae ee ae oeon 2.02 0.5 1.2 <5 15 90 0.6 
ne ee nd toieiiasanadnnewaaneeel 2.03 0.8 1.4 <5 19 70 0.8 
OE EEE aE eee EN ee 1.82 0.6 1.4 <5 15 50 0.8 
te a oe Oe ncigtamanece ade ce wmeebetinkinbees 2.36 0.5 1.3 <5 11 65 1.3 
One ane 1.92 0.8 1.5 <5 13 45 0.7 
Lf) 5. eRe Deere Ree See a eee 1.74 0.8 1.6 <5 15 100 0.7 
ae EG RRR Ee: 1.75 0.7 1.1 <5 25 55 NA 
en oh doe bale detested eeocamacew ae 1.39 0.8 1.4 <5 16 90 1.0 
I ik a a id ead oimba ile ois eased 1.95 0.6 1.6 <5 13 85 0.5 
ES I Oe Se ee 1.78 0.6 2 <5 14 45 b2.2 
TES eS eer ts teen. ee 2.05 0.4 1.5 <5 13 60 0.6 
ES ELE T TE BRED RCT Ee a ee A: 2.17 0.6 1.5 <5 17 85 0.7 
EE RE EI ET EAE 1.69 0.5 1.2 <5 17 70 NA 
ce ne cbubuhasekdembaennen 1.62 0.7 1.8 <5 19 90 0.5 
lois cn alk ee cnkinemainmeteh weeny acaba eerie 1.60 0.6 1.2 <5 20 50 b1.9 
ee ee es ett ila ctendadewedeeubon 1.95 0.5 ae <5 10 35 b1.5 
nd Ss US ba dawns eb ele saree 1.42 0.6 1.5 <5 18 110 0.7 
CES. i035 223) ae Seubneehauwatwapusheecdnesors 1.56 0.6 1.6 <5 16 100 0.7 
te et aay hawtokpenebabauewene 2.19 0.5 1.1 <5 15 60 b’2.0 
ne 8 cu eaedenneamabsusen leioewe 1.90 0.6 1.5 5 22 105 0.7 
EE a SE Ga 1.90 0.6 1.2 <5 23 NA 
Wisc., Milwaukee________ Gs i PR Ps BS ee 2.50 0.7 1.5 <5 11 80 0.5 
Tk el een, ET ROS eer Pea ee 1.63 0.6 1.5 <5 18 70 ©1.0 
SEL A AE NE TET ALE 1.93 0.6 1.4 <5 17 75 0.7 
TE ETE OO LE TO. CER PRT AS OE 2.58 0.9 1.8 5 31 150 1.2 
a RESTS RR aS Bes a EL OE ke ERY eek COR ey. tre 1.39 0.4 a2 <5 10 35 0.4 




















® NA indicates no analysis performed. 

» Total radium. 

e Average Sr and !°7Cs concentrations are minimum values. 
observed during the second quarter of 1964. 

4 Data for this station based on December 1964 sample only. 

e¢ Average based on radium-226 only. 
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Station began operation in June 1964 or later. 


Peak valus for these nuclides were 
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Table 4. Annual average calcium, potassium, and radionuclide intakes as determined by institutional 
total diet sampling, 1964 





= ba Total 
Location of institution 


wat. = 
(kg./day) 








Colo., Denver 


Del., Wilmington 
Fla., Tampa 
ha ter balla redial an 
Hawaii. Honolulu 


ER de rs Toss odio elcaibab bb hbddcasbeddaen 
Ind., Indianapolis ¢ 
Iowa, Des Moines ¢ 
Kans., Wichita ¢ 
ery SCS rae 2th a ee ee EL ew awenes dda 
La., New Orleans 
pT EPR 8 ES Ee AS Oe eS a FE Pe 
Md., Baltimore ¢ 
nd a eo ee eh ies dhs sun see deaudad 
RE EE EEE DPE IE 
Minn., Minneapolis 
Miss., Columbia 
Mo., St. Louis 
Mont., Helena 
I ae ee UT ET ee 
Nev., Carson City ¢ 


N. Mex., Albuquerque 
N. Y., New York 


N. Dak., Fargo ¢ 
sg Sk 2 Ea ne cea heamaenicat cine 
Okla., Oklahoma City 
Oreg., Portland ¢ 
ee eee ae Fe eee eee 
8. C., Charleston ¢ 


Tenn., Memphis 
5 ERIE I SS IT Ee yey) ee Tae 
Utah, Salt Lake City 
Vt., Burlington 
TK lee RS Es Oe Doe a ee A xmieal 
er rae ar 
W. Va., Charleston ¢ 


ns MI LU ged ig eae So cd wees e Dames deed | 





Nc ne ee eo 


Institutional Average 





. . « Se Oo. eee ee Oe ee ae - 
~] 








Pe i A NE Ne i Saat dh ALE | 1.93 | 
I cto a as eas aster lok Seg car ak hb achat ae ele ohn 4 aca iaededeee aa rae 2.58 
pn” RS OES ee ee PT eS Pt ae ee CRE Le 1.39 


























(grams per day) Radionuclide concentrations, pCi/day 

Calcium | Potassium 89Sr Sr | 137Cg | 2%*Ra 
1.1 2.4 10 30 | 105 *NA 
0.8 2.1 10 30 | 155 1 
1.1 2.1 5 47 | 110 b3.5 
1.2 2.8 5 17 90 1 
1.5 3.7 10 31 150 2 
1.2 2.8 20 150 1 
1.5 3.0 5 29 175 1 
1.5 2.6 5 29 295 b4.3 
1.0 2.3 10 38 120 b3.4 
0.8 2.3 10 18 125 2 
1.3 3.0 5 46 240 1 
1.1 2.4 5 21 140 1 
1.3 2.6 5 22 110 1 
1.9 3.2 10 47 145 NA 
1.3 2.7 5 27 100 NA 
1.4 2.2 5 40 80 NA 
1.6 3.5 10 67 225 b6.3 
1.6 3.4 5 45 270 1 
1.4 2.5 10 35 120 NA 
1.2 2.6 5 34 260 l 
1.4 2.8 5 23 155 1 
0.9 2.5 10 32 160 1 
1.8 2.5 10 62 245 b6.1 
1.6 3.4 15 48 150 2 
1.0 2.4 10 30 190 1 
1.6 2.9 5 39 140 2 
1.2 2.6 5 28 90 1 
1.1 3.1 5 26 150 3 
1.6 2.9 3 24 1 
1.4 . 2.8 0 27 170 1 
1.2 1.9 5 45 95 NA 
1.1 2.0 5 22 125 1 
1.2 | 3.2 5 26 170 1 
1.1 | 2.1 5 24 75 b4.2 
0.9 3.0 5 26 125 1 
1.3 3.2 5 36 185 2 
0.8 1.9 5 29 120 NA 
1.1 2.9 5 31 145 1 
1.0 2.0 5 32 80 b3.0 
1.0 2:1 5 20 | 70 2:9 
0.9 2.2 5 26 | 155 1 
1.0 2.5 5 25 | 155 1 
1.1 2.4 10 34 | 130 b4.3 
1.2 | 2.8 10 43 | 200 1 
1.2 | 2.3 5 43 | 115 NA 
1.5 | 3.2 5 24 | 170 | 1 
1.0 | 2.4 5 | 30 | 115 | e2 
1.2 | 2.6 | 5 33 | 145 | 1 
1.9 3.7 | 15 | 67 | 295 3 
0.8 1.9 | 75 l 





® NA indicates no analysis performed. 
b Total radium. 
¢ Average “Sr and !°7Cs concentrations are minimum values. 
observed during the second quarter of 1964. 
Data for this station based on December 1964 sample only. 
e Average based on radium-226 only. 


are within the FRC Range I (3), which 
indicates that periodic confirmatory surveil- 
lance is the recommended action. 

The strontium-90 annual average daily 
intake ranged from 17 to 67 pCi/day and the 
overall average daily intake was 33 pCi/day. 
These results fall within FRC Range II (3), 
indicating that quantitative surveillance and 
routine control is the recommended action. 

Cesium-137 daily intakes ranged from 70 to 
295 pCi/day with an average of 145 pCi/day. 
At the same time radium-—226 daily intakes 
averaged 1 pCi/day. 

During 1964, both barium-140 and iodine— 
131 concentrations were below detectable 
levels. 


July 1965 


Station began operation in June 1964 or later. 


(3) FEDERAL RADIATION COUNCIL. 


Peak values for these nuclides were 
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RADIONUCLIDES IN DIETS FOR TEENAGERS 


FEBRUARY-NOVEMBER 1964 


Division of Pharmacology, Food and Drug Administration 


It has been estimated that among all age 
groups 16 to 19-year-old males need more food 
daily than any other segment of the U.S. pop- 
ulation (1). Because of this, the Food and 
Drug Administration (FDA) chose this age 
group for a test of the maximum radionuclide 
intake of all population groups. As a basis for 
the test, the food plan used was that recom- 
mended by the U.S. Department of Agriculture 
(USDA) for a nutritionally adequate diet at 
moderate cost level for boys 16-19 years of 
age (2). 


The FDA study of radionuclides in diets for 
teenagers was begun on a pilot basis in May 
1961 in the Washington, D.C. area. Since then, 
the program has been expanded to include 8 
other cities—San Francisco, Minneapolis, St. 
Louis, Atlanta, Denver, Boston, Dallas, and 
Seattle. 


By selecting the 16 to 19-year-old male, who 
daily needs 3,600 calories with adequate pro- 
tein, minerals, and vitamins, compared with 
3,200 calories and smaller amounts of nutrients 
needed by the “standard” man, the radionuclide 
intake in U.S. diets can be conservatively esti- 
mated. For the purposes of the sampling pro- 
gram, amounts of the foods selected from the 
11 food groups of the USDA plan were pro- 
portioned according to the 1965 Household 
Food Consumption Survey (3). 


Sampling and analytical procedures 


To duplicate the diet of a 19-year-old male, a 
list of 82 different items of food and drink was 
prepared. Quarterly samples of these items, 
covering a two-week consumption period, were 
purchased from national food chain stores. 
Efforts were made to locate the sources of the 
food items and to arrange representation in 
the samples on the broadest possible geo- 
graphical basis. 

The foods were prepared by professional 
dietitians in diet kitchens at each city in a 
manner comparable to domestic preparation 
procedures. The most acceptable home practices 
for washing, trimming, bone removal, and 
separation of wastes and cooking water were 
used. Representative portions of the foods 
(including about 8 liters of drinking water) 
were homogenized into a slurry, and aliquots 
were analyzed for strontium-90 and cesium— 
137 at the nearest FDA District laboratory. 
Strontium-90 was separated radiochemically 
and its concentration determined by beta 
counting. Gamma spectrometry was employed 
for cesium-137 analysis. 


Results 


The quarterly strontium—-90 and cesium-137 
concentrations and daily intakes for the 
recommended diet are presented in tables 1 




















Table 1. Strontium-90 concentrations and intakes in the total diet, 1964 
February 1964 May 1964 August 1964 November 1964 
Sampling locations 

pCi/kg | pCi/day*| pCi/kg pCi/day pCi/kg pCi/day pCi/kg pCi/day 
Calif RI ee em Le eee 7.0 26 7.0 26 6.3 24 5.9 22 
Colo a a ee See cited amele 12 45 14 52 11 40 7.2 27 
D.C a ed ae are 17 63 15 57 11 42 b’NS NS 
Ga: EE oe ton oe Sen Sawegwueicedeenk awa 25 92 28 103 20 75 21 79 
See eeraP re e¢NA NA 7.0 26 17 63 8.4 32 
, . ;-.. . oi acuweesnonwbaacdeacdeowe 13 50 12 47 10 38 8.8 33 
Mo: ER SS a erry nes 10 38 15 56 18 67 7.6 29 
a a pa ldekia 13 48 14 52 11 41 10 3.8 
PE ES ELE LIES POEL ETE EE 13 48 17 65 13 48 14 53 
I ae lee th it a ae ee 14 53 14 53 13 53 11 41 


























378 


* Intakes based on the consumption of 3.76 kg food and drink for the 16-19-year-old male. 
> NS indicates no —_ found. 


¢ NA indicates no analysis performed. 
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Table 2. Cesium-137 concentrations and intakes in the total diet, 1964 
iinet ttiesate February 1964 May 1964 August 1964 November 1964 
pCi/kg | pCi/day*| pCi/kg | pCi/day | pCi/kg | pCi/day | pCi/kge | pCi/day 
Calif Ng ci ct a bdirnawe cand anene cae 63 237 63 237 34 128 43 162 
Colo RR eres Lae Ne 70 263 B84 316 59 222 37 139 
D RE EEE Ley RE RR RR WES EGE. 82 308 97 364 59 222 b’NS NS 
Ga I 7. ST ee eee 91 342 125 470 51 192 83 312 
Oe SS a a eee eee 119 447 108 406 92 346 96 361 
ne se sndunowseneeunell 103 387 87 327 102 384 68 256 
Mo: Rg RE” rE Le eS ee ae ee 67 252 83 312 39 147 55 207 
Ss rr ohn eee e¢NA NA 56 211 40 150 56 211 
ee ee ae EE TE Ne Et 64 241 104 391 86 323 97 365 
| aes SU SRE SERS s2| 309 89 335 70 263 67 252 
was ® Intakes based on the seepeaation of 3.76 kg food and drink for the 16-19-year-old male. 
ms > NS indicates no sample found. 
’ e NA indicates no analysis performed. 
vere 
res. | and 2. Individual station values for the quarter which a decrease is noted. The figure also shows 
the | ending in the month shown are given along that strontium-90 contamination resulting 
. in | with network averages for the nine cities from the USSR and USA atmospheric tests of 
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years 1963 and 1964; however, a downward 
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m increased steadily from 14 pCi/day in May _ these values with the observed ranges of daily 
sie 1961 to 63 pCi/day in February 1964, after strontium-—90 intakes indicates that the Atlanta 
ory. 110 
ally Ah 
neta 100— : a a 
yyed Number of Stations : : 4 
" w= in Operation u : . ness & i a ey eee 
> : : fy : \ 
ie} ma : Ys by 
we 80 ; f is \ antl 
V ; os T 
137 = 74 at 
co : 
the v ri i 
Z J) 
es ATLANTA, GA. 
at oe ! 
= 
il ee : | 
/day 5 oa 8 | 
salad 5 x bu He 
# | = porns . ~<a 
ng ”" 0 
= SAN FRANCISCO, CALIF. 
3.8 
53 
41 0 l n oe | L l i l L l oa = L l l 
pte M A N | F M A N e M A N | 7 M A N 
1961 1962 1963 1964 
Figure 1. Averages and ranges of daily strontium—90 intake in 
FDA teenage standard diet 
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Figure 2. Averages and ranges of daily cesium-137 intake in 
FDA teenage standard diet 


results are consistently comparable to the maxi- 
mum values observed, while the San Francisco 
results are consistently typical of the minimum 
daily strontium-90 intakes observed. 


Cesium-—137 


Table 2 gives the calculated average cesium— 
137 daily intakes in the diet by quarters for 
1964. The results are presented graphically in 
figure 2. The general trend in cesium-137 
intakes is downward, and can be expected to 
become more clearly defined in 1965. The peak 
average value, 366 pCi/day, was observed in 
May 1963. 

The dotted lines in figure 2 represent the 
daily cesium—137 intakes observed in Atlanta, 
Georgia; San Francisco, California; and 
Boston, Massachusetts. As with the strontium— 
90 results, the San Francisco cesium-137 
intakes appear to be indicative of the minimum 
intakes observed. However, the Atlanta 
cesium-137 intakes are not indicative of the 
maximum daily intakes. Comparison of the 
Boston results since November 1963 suggests 
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that Boston results may be more indicative of 
the network maximum daily intake values for 
cesium-137. 
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ESTIMATED DAILY INTAKE OF RADIONUCLIDES IN CONNECTICUT 
STANDARD DIET, MARCH 1963-DECEMBER 1964 


Connecticut State Department of Health 


The Connecticut State Department of Health 
has been analyzing a standard diet on a 
monthly basis since March 1963. These analyses 
included strontium-89, strontium-90, and 
gamma emitting radionuclides. 

The standard diet was selected to represent 
the food intake of an 18-year-old boy for one 
day (table 1). The total weight of the complete 
blended diet averaged 3 kilograms, including 
milk and dairy products. Any raw fruit or 
vegetables used were washed before blending. 


Table 1. Representative kinds and amounts of 


foods included in standard diet 





Bread, white—8 slices 


Butter, % stick 

Carrots, scraped—% cup Milk—3 cups 

Celery, washed and trimmed—3 | Oatmeal, uncooked—43 grams 
stalks. Orange—1 

Cookies—4 Peanut Butter—2% tablespoons 


Ice Cream— % pint 
Lettuce, washed—4-—5 leaves 


Cottage Cheese—3g cup Pears, canned—2 halves with juice 
Cupeakes—2 Potatoes, washed, not peeled—2 
Egg—1 Sugar—5 tablespoons 


Green beans, washed—-4 cup 
Ham—85 grams 
Hamburger—227 grams 


Tomato juice—113 grams 
Tuna fish, drained—43 grams 








Analytical procedure 


Gamma emitting radionuclide concentrations 
were determined using a 2-kilogram sample 
portion. The sample portion was counted in a 
low-background shield employing a 4 x 4-inch 
sodium iodide crystal detector and a 400-chan- 
nel pulse height analyzer. The resultant gamma 
ray spectrum was reduced to individual radio- 
nuclide concentrations using a matrix proce- 
dure. 


July 1965 


Strontium-89 and _ strontium-90 analyses 
were performed on a sample portion which 
was dried and ashed. Individual strontium 
results were determined by chemical separa- 
tion subsequent to counting a low-background 
Geiger-Mueller counter utilizing a thin-window, 
gas-flow counting chamber. 


Results and discussion 


Table 2 presents the analytical results for 
the Connecticut standard diet from March 1963 
through December 1964. Radionuclides other 
than those listed were observed, but in most 
cases the concentrations were equal to or less 
than the counting error. In a few cases, the 
concentrations were slightly higher than the 


Table 2. Radionuclide concentrations 
in teenage standard diet 








Month Potassium |Strontium-89/Strontium-90|Cesium-137 
(g/kg) (pCi/kg) (pCi/kg) (pCi/kg) 
1963 
Pe 2.3 5.0 8.7 60 
} ees: 2.2 15.9 13.7 80 
i 2.4 15.5 13.4 130 
September. ---. . -- 2.3 10.3 15.6 120 
TR 2.2 4.1 16.4 100 
November. ....--- 2.4 4.4 13.1 110 
December... ...- 2.3 3.4 17.3 140 
1964 

SORBEEY ..n 6cscccee 2.3 4.6 15.1 140 
February. .-.---- 2.4 <3.0 13.2 110 
CN i itn ch een 2.2 <3.0 16.4 150 
aang: 2.4 <3.0 14.0 160 
lho iaheiatirialvinid 2.4 <3.0 11.9 90 
dks a dikedean 2.1 <3.0 16.4 120 
| ESSA RS 2.0 <3.0 15.1 130 
pS CENTS 2.2 <3.0 19.2 110 
September. ------- 2.4 <3.0 15.4 100 
 _. SESS: 2.4 <3.0 14.5 100 
November. .--.-.--- 2.1 <3.0 12.0 80 
December 2.3 <3.0 12.4 70 
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counting error. These included ruthenium-106 
in three samples (counting error +40 pCi/kg 
with the matrix procedure used) and 
zirconium-niobium-95 in one sample (counting 
error +10 pCi/kg). 

Results representing the total daily intake 
for the radionuclides observed are presented in 
table 3. In order to evaluate general trends the 
strontium-90 and cesium-137 daily intakes are 
plotted as a function of time in figure 1. 
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Figure 1. Radionuclide intake in Connecticut 
standard diet 
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The cesium-137 intake shows seasonal varia- 
tion, with a maximum in the spring; the stron- 
tium-90 daily intake values have remained 
fairly uniform from March 1963 through 
December 1964. 


Table 3. Daily radionuclide intakes in 
Connecticut standard diet 




















Month Potassium |Strontium-89)Strontium-90/Cesium-137 
(g/day) (pCi/day) (pCi/day) | (pCi/day) 
1963 
OS eee 7.6 16.7 28.9 200 
: * “SRE SI 6.4 46.1 39.6 230) 
Sere 7.2 43.2 39.9 390 
September__-_.---- 6.9 30.8 46.4 360 
TS 6.5 12.2 48.7 280 
November-.------- 6.8 12.4 37.2 320 
December-.------- 7.7 11.3 57.6 480 
1964 

SEA? 7.1 14.2 46.7 430 
February... -..--- 7.5 <3.0 41.3 350 
ete 6.8 <3.0 50.3 470 
EPS 7.0 <3.0 40.6 470 
__ SRR ies 7.6 <3.0 37.6 290 
SR 6.1 <3.0 47.6 360 
| RRR 5.8 <3.0 43.9 370 
“SES 6.4 <3.0 55.9 330 
September-------- 7.3 <3.0 46.7 310 
| as 7.5 <3.0 45.2 310 
November--..__-__- 6.2 <3.0 35.6 220 
December. -_..-.-- 7.2 <3.0 38.9 230 
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ESTIMATES OF THE CONCENTRATIONS OF STRONTIUM-89, 
STRONTIUM-90, AND CESIUM-137 IN MILK AS A FUNCTION OF TIME 
AFTER AN ACUTE LOCALIZED CONTAMINATING EVENT 


Report of Ad Hoc Panel on Environmental 
“actors,! Federal Radiation Council 


The Federal Radiation Council, in develop- 
ng recommendations? for protective actions 
ipplicable to strontium-—89, strontium-90 and 
-esium-137, convened this Panel to examine 
various environmental problems related to 
human exposure that could occur subsequent to 
an acute localized contaminating event involv- 
ing any of the three radionuclides. Fresh fluid 
milk was identified as the most important prob- 
lem area because of its unique potential relative 
to other pathways to transmit high levels of 
exposure to large segments of the public in 
short time intervals. Particular attention, 
therefore, was directed to the transmission of 
strontium-89, strontium—90 and cesium—137 to 
man through the pasture-cow-fresh milk path- 
way of contamination. 

This report primarily provides a quantitative 
assessment of various factors involving radio- 
active contamination of pasture and milk subse- 
quent to an acute contaminating event for 
which prompt action may be necessary. As 
such quantitative assessment must be pre- 
dicated on a given set of environmental factors, 
the following conditions of environmental con- 
tamination and milk consumption were 
assumed : 

1. The contaminating event is a single acute 
intrusion involving a localized area in the order 
of hundreds of square miles; 

2. the deposition will occur within a period 
of one day; 

3. the previous cumulative levels of con- 
tamination in the soil or on pasture with these 





1 The Panel contributing to this report is as follows: 
Arthur H. Wolff (Chairman) Benjamin H. Bruckner 
George F. Fries John Harley 
Joseph Rivera Tommy F. McCraw 
Jared J. Davis Frank B. Hungate 
F. W. Lengemann Donald G. Watson 
Wayne E. Hanson 

2 Federal Radiation Council, Report No. 7. 
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radionuclides are negligible relative to the 
levels resulting from the contaminating event; 

4. the deposition occurs in a locale in which 
pasturage provides the major portion of the 
roughage consumed by the dairy cattle and 
during a time period when pasturage is at a 
normal seasonal rate of vegetative growth; 

5. residents of the involved area daily con- 
sume an average of one liter of milk produced 
from the contaminated pasture; 

6. the physical and chemical properties of 
strontium-89,, strontium-90 and cesium—137 
are the same as found in worldwide fallout. 

With these assumptions, estimates are made 
of the theoretical concentrations and changes 
in concentration that can be expected to occur 
for each nuclide in fresh milk as a function of 
time following the acute contaminating event. 
Corresponding estimates also are made of the 
projected intake*® of these nuclides by a human 
population whose total milk supply consists of 
the contaminated milk. The theoretical poten- 
tial of certain protective actions to reduce the 
projected intakes also is considered. The esti- 
mates, for the most part, are derived from data 
from experimental work (appendix 1). Com- 
putations also were made from data from the 
PHS pasteurized milk surveillance network 
(appendix 2) and were in basic agreement with 
those derived experimentally. 

Experiments were conducted with small 
groups of cows which were given constant 
daily activities of radionuclides, and _ the 
resultant levels of these nuclides were observed 
in milk (appendix 1). The graphs in figures 1 
and 2 present curves which characterize the 
secretion of strontium-89, strontium—90, and 





3 Projected intake as used in this report is the ac- 
cumulated intake of the radionuclide that would be 
received in the future by individuals in the population 
group from the contaminating event under the condi- 
tions cited. 
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TIME AFTER DEPOSITION (DAYS) 


Figure 1. Concentration of strontium-89 and 
strontium-90 in milk of cows 


cesium-—137 into milk following the ingestion of 
these nuclides by cows as a function of time. 
These graphs are based upon the experimental 
data and equations developed in appendix 1. 
Curve A in figure 1 depicts the transfer of 
radiostrontium into milk based on experimental 
conditions in which cows ingest equal activities 
of radiostrontium daily. Curves B and C are 
computed to show the concentrations of stron- 
tium-90 and strontium-89, respectively, in milk 
following a single contaminating event on 
pasture assuming the cattle remain on the con- 
taminated pasture. Curves D and E reflect the 
corresponding concentrations of strontium—90 
and strontium-89 in milk following a single 
contaminating event assuming the cows are 
removed from the contaminated pasture at the 
time of maximum concentration of these 


nuclides in the milk (see Appendix 1 for 
derivation). 


Curve A in figure 2 illustrates the appearance 
of radiocesium in milk of cows based on experi- 
mental results following daily equal ingested 
doses of cesium-137, Curve B is computed to 
show the concentration of cesium-137 in milk 
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PERCENT OF COW'S FIRST DAY INTAKE (PER LITER) 


following a single contaminating event with the 
cows remaining on pasture, and Curve C 
shows the concentrations of cesium-—137 follow- 
ing a single contaminating event if the cows 
are removed from pasture at time of maximum 
concentration of cesium-137 in the milk. 

Those curves which relate to single con- 
taminating events reflect a “disappearance 
half-time” from pasture of a little over two 
weeks for strontium-90 and cesium-137 and 
about thirteen days for strontium-89 (a few 
days shorter reflecting its shorter radioactive 
half-life). 

Selected data from the Public Health Service 
Pasteurized Milk Network were also used to 
estimate the disappearance half-times of these 
nuclides under fallout conditions (appendix 2). 
Criteria were established to identify increased 
levels in milk contamination that probably 
resulted from single contamination events. 
These data suggest disappearance half-times of 
11 to 13 days for strontium-89, 11 to 15 days 


for strontium-90 and 10 to 15 days for cesium-— 
137. 
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TIME AFTER DEPOSITION (DAYS) 


Figure 2. Concentration of cesium-137 in milk of cows 
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It is noted that the values for the disappear- 
ance half-times of these radionuclides from 
pasture are quite short relative to their physical 
half-lives. This is due to a combination of 
factors which diminish the contamination 
levels available to the grazing cow. The more 
important factors include removal from foliage 
by wind and rain and the normal cycle of plant 
growth combined with the grazing practices of 
dairy cattle. Based upon these half-times and 
assuming that the cattle remain on the con- 
taminated pasture, the milk levels of the radio- 
nuclides of interest can be expected to decline 
to less than 1-2 percent of their maximum 
levels within a period of 3-4 months following 
the acute contaminating event. Therefore, it 
is suggested that the 100-day period following 
that contaminating event represents a reason- 
able approximation of the period of “total” 
projected intake. 


The computations from appendix 1 are sum- 
marized in the tables that follow. In the tabular 
presentations T, represents the time at which 
the contaminating event occurs and T,, the 
time required, in days, after the contaminating 
event for the maximum concentration of each 
nuclide to be reached in milk. Table 1 sum- 
marizes T,, for each nuclide. 








Table 1. Time after deposition for maximum 
milk levels to occur 
Nuclide | Tm 
a ES eee Ts eer em n? Pl aes ett ee Cee | 7 days 
RE Ree HST He RG TE Cae | 7 days 
a Oecd, Cities eres oe ee dae | 6 days 





‘Table 2 presents the total projected cumula- 
tive intake as a ratio or multiple of the maxi- 
mum concentration. For example, if the maxi- 
mum concentration of strontium-89 were 1 
»Ci/liter of milk and an individual consumes 1- 
liter of milk per day from the affected area for 
about 100 days, his total projected intake of 
strontium-89 would be about 27 ,»Ci. These 
ratios may be useful in predicting the 
magnitude of a contamination problem once 


the maximum concentration has been deter- 
mined. 
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Table 2. Ratios of total human projected intake to human 
intake at time of maximum concentration in milk 








Nuclide | Ratio 
SE I ee I | 27 times the maximum value 
SRT ee oi nehbttccae | 33 times the maximum value 


TE. 0s Uivcnnd oh eaoelanwananes | 32 times the maximum value 


| 





As previously indicated, if the cows remain 
on the contaminated pasture for about 100 
days subsequent to the contaminating event, 
almost the total projected intake will have 
ensued. The actual periods calculated for the 
maximum milk concentration of each nuclide 
to be reduced by factors of 10 and 100 under 
conditions of continuous grazing on con- 
taminated pasture are presented in table 3. 


Table 3. Time required for milk concentrations to be 
reduced by factors of 10 and 100 if cows remain on 
contaminated pasture 








~ Nuclide ‘Time for reduction factor of: 
10 | 100 
Pe IIIL.Gc. Goo ccWane sete cade actatek 52 days 94 days 
CS EE RS Seer 67 days 124 days 
125 days 


RR aks ie Ap | 67 days | 





Table 4 lists the time periods required for 
the milk concentration to be reduced by factors 
of 10 and 100 after the cows are shifted to 
uncontaminated. feed. The time periods for 
reduction are appreciably shorter as compared 
to the corresponding estimates in table 3 indi- 
cating the effectiveness of the protective action 
afforded by shifting the cows off the con- 
taminated feed. 


Table 4. The time required for milk concentrations to be 
reduced by factors of 10 and 100 after cows are shifted 
to uncontaminated feed 








Nuclide ‘Time for reduction factor of: 

scheiieaa iam dienteietdrieniantadtbiiate icerenteteetenaiteess waitinasibiamsdiaihiinal tance ical —_——-———— 
10 | 100 
a i ee eee 6 days | 13 days 
IELTS A 6 days 14 days 
CEG ch dn dudsénbéiviiosimacdibabecs 8 days | 49 days 
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Table 5. The projected total intake avoided by shifting 
cattle to uncontaminated feed as related to the time the 
action is taken 





Approximate time after To 
Percent of projected total for shift to be made 


intake avoided 














‘Sr | Sr | 187Cs 
| | 
(days) (days) (days) 
| i 

Ee A. RUE Se Re ee reel Pee ee 13 | 17 | 14 
Rel ee IS TN 6 | 7 | 5 
RP ea Sra ery se EV ee Ce er et 2 | 2 | 2 
RS SR BPRS A ee <1 | <1 | <1 





Table 5 summarizes the effectiveness of the 
protective action of shifting cows to un- 
contaminated feed as a function of the time 
interval between the contaminating event 
(T,) and the time that the action is instituted. 
These estimates show that in order for this 
protective action to effect at least a 50 percent 
reduction of projected intake, it must be in- 
stituted very soon (within a matter of days) 
after the contaminating event. 

The calculations summarized in table 5 
assume that individuals in the population are 
consuming the milk produced in the affected 
area as their exclusive milk supply before and 
after the “shift.” An even more effective pro- 
tective action, but one probably having more 
adverse impact on dairy marketing, would be 
to ban entirely for human consumption the 
milk from the affected area. This action also 
must be instituted early if its effectiveness is 
to be optimal; 10 to 20 percent of the total 
projected intake will have found its way into 
the milk produced in the contaminated area 
within 4—6 days after T,. 


The approximate nature of the preceding 
data and estimates must be emphasized. They 
primarily reflect the mechanism of transfer of 
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these nuclides from pasture to milk following 
deposition of the radionuclides under the 
previously specified assumptions. The estimates 
do not pertain to the more persistent con- 
tamination problems resulting from residual 
contamination of soil, root mats or stem bases, 
or of crops other than pasture nor do they 
pertain to unusual conditions of vegetative 
growth. The patterns of milk contamination 
may be different if environmental conditions 
quite unlike those assumed should prevail. 

The Panel also considered the exposure 
potential of food other than fresh milk 
(appendices 3 and 4) and concluded that if a 
contaminating event involves a_ milkshed, 
particularly one in which dairy cows are on 
pasture, milk will probably be the major and 
limiting mode of transmission for all three 
nuclides and generally the concentrations found 
in milk should provide valid bases for con- 
sidering control measures in other foods as well 
as milk. Because the nuclides of interest have 
relatively long physical half-lives, their con- 
tamination potential via foods other than milk 
cannot be ignored. Foods other than fresh milk 
may be additionally important pathways of 
human exposure or, with little or no contamina- 
tion of pasture involved, the most significant 
pathways of human exposure. The agricultural, 
geographical and radiobiological variables are 
too numerous and complex to allow any 
quantitative estimates or predictions of the 
relative importance of foods other than fresh 
milk in terms of their projected intakes. How- 
ever, the marketing practices for most foods, 
as compared to fresh milk, are such that con- 
siderably more time will be available to assess 
any contamination problems and to implement 
any control procedures that may be warranted. 
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Appendix 1. Radionuclide concentrations in milk 
following a contaminating event involving pasture 


J. J. Davis, F. W. Lengemann, and G. F. Fries 


The purpose of this paper is to develop the 
equations which describe the concentration of 
strontium-89, strontium—90 and cesium-137 in 
milk from cows grazing a pasture that has been 
contaminated by an acute event. After develop- 
ing the basic equations, it is possible to derive 
a number of estimates describing the radio- 
nuclide intake by people consuming milk from 
these cows. 


The assumptions concerning the contaminat- 
ing event were: 
1. The deposition time is short (hours to 
days) ; 
2. The chemical and physical properties are 
the same as found in worldwide fallout; 
3. The deposition is on pasture supplying 
feed for dairy cows; 

4. Background and cumulative soil levels are 
negligible; and 

5. Human consumption of milk is one liter 
per day. 


There are three factors that affect the radio- 
nuclide concentration in milk following a single 
contaminating event. These are: the rate of 
nuclide secretion into milk as a result of the 
initiation of continuous nuclide intake by the 
cow; the decreasing rate of nuclide intake by 
the cow due to pasture “losses”; and the de- 
creasing rate of radionuclide intake by the cow 
due to radioactive decay. 


In general, data from environmental survey 
studies were not appropriate for the purposes 
of this paper because most of the depositions 
that have occurred as a result of nuclear test- 
ing were of a long duration and can not be 
considered single events. For this reason the 
equations describing the milk concentrations 
of radionuclides were derived from laboratory 
tracer studies. When possible, data from 
environmental studies were examined to be 
certain that there were no important disagree- 
ments with the tracer studies. 
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The rate of radiostrontium transfer to milk 
under conditions of continuous intake was 
estimated from the average of 5 cows which 
were given twice-daily doses of strontium—85 
for a period of about 15 days (1). One cow 
received the isotope for a period of 65 days and 
it was found that a complete equilibrium is 
not established within this period. By graphic 
analysis it was found that the basic curve (A of 
figure 1) for radiostrontium transfer to milk 
could be described by the equation :* 


(1) A= 0. 1e9-008t(] —e~0-26t) 

Similarly, the rate of radiocesium transfer 
to milk under conditions of continuous intake 
was estimated from the average of 7 cows 
which were given twice-daily doses of cesium— 
137 for a period of 35 days (1, 2). Graphic 
analysis of the basic equation for the appear- 
ance of radiocesium in cows’ milk (curve A 
of figure 2) gave the equation: 


(2) A= 1.3e9-01t(] —e-0-41t) 


Neither of the basic equations reflect the 
decreasing nuclide intake by cows which would 
occur as a result of “vegetative losses” and 
radioactive decay. “‘Vegetative losses” includes 
all processes which affect the concentration 
of the nuclides per unit dry matter of pasture. 
This includes such factors as weathering, dilu- 
tion by new growth, and removal of the 
nuclides by the cow’s consumption. 


Data of Milburn and Taylor (3) indicate 
that the half-time of radiostrontium on pasture 
grass was about 14 days. Data of Ward (4) 
for iodine-131 and cesium-—137 content of the 
milk of a group of cows show that the iodine 
is lost from pasture grasses with a half-time of 
17.6 days, while cesium showed a rate of loss 





* In all equations in this paper, A is the radionuclide 
concentration of milk in percent of intake by the cow 
on the first day per liter of milk and t is time in days 
after deposition. 
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with a half-time of about 13 days. Therefore, it 
seemed reasonable to use the value of 14 days 
as an estimate of the time for the concentration 
of radioisotopes on pasture grass to decrease to 
one-half of the initial value. To account for 
this factor it is necessary to multiply the basic 
equations by e-°-%t Because of the long radio- 
active half-lives of strontium-90 and cesium— 
137, the decrease in intake of these nuclides by 
the cow over the period of interest will be in- 
significant. 


The equation expressing strontium-90 con- 
tent of milk of cows on contaminated pasture 
following a single deposition then becomes: 


(3) — A=0.1¢9-008¢(1 — e—0.26t) (e—0.05t) 


This equation is plotted as curve B of figure 1. 
The broken line indicates extension of the 
calculation beyond the limits of the experi- 
mental curve. 


Equation (3) is also applicable to strontium— 
89 if a further correction is made for the short 
physical half-life (50.5 days) of this radio- 
nuclide. Its equation becomes: 


(4) A=0.1e0.008(] — @-0.26t) (e—0.05t) (90.0148) 


This equation has been plotted as curve C of 
figure 1. 


When pasture losses of cesium are added, 
equation (2) modifies to: 


(5) A=1.3¢e9-01t(] —e-0-41t) (e—0-05t) 


This equation is plotted as curve B in figure 2. 

Another parameter important for the pur- 
poses of this paper is the rate of decrease of 
the radionuclide concentrations of milk if the 
cows are removed from the contaminated 
pastures to an uncontaminated feed source. 
There is no information available that is 
directly applicable to this situation. However, 
the declining phases of single dose tracer ex- 
periments should be fairly comparable and 
data from this source have been used. 


Milk concentration curves for 30 cows given 
a single dose of radiostrontium were averaged 
(1, 5, 6, 7). Such a curve takes about 24 to 48 
hours to reach a peak and then declines as an 


exponential function. The equation for the 
decline is: 


(6) Sr (percent dose ‘liter) 
= 0.054e—° 37+ 0.000375e-0-01¢ 
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The equation for strontium—89 would be similar 
except that a factor must be included for radio- 
active decay. The equation for strontium-89 
then becomes: 


(7)  8%Sr (percent dose /liter) 
= (0.054e—°-37t+- 0.00037 5e-0 01t) (e—0.014t) 


These equations have been plotted in figure 1 
as curves D and E and represent milk concen- 
trations of strontium-90 and strontium-89, 
respectively. 


Milk concentration curves of 11 cows given a 
single dose of radiocesium were averaged. The 
data represented cows followed for a period of 
from 9 to 30 days (1, 7, 8, 9). The equation for 
the declining phase of the curve was: 


(8) 187Cs (percent dose /liter) 
"= 0.234e—0-37t 4-09.08 1le—0-17t-++-0.01 1Le—0.02¢ 


The equations describing the milk concentra- 
tion of the various radionuclides—Nos. (3), 
(4), (5)—show that for cows on a pasture con- 
taminated over a relatively short length of time, 
the concentration of cesium-137 in milk will 
reach a peak at about 6 days. For both stron- 
tium isotopes the peak will occur at about 
7 days. After reaching a peak, the radionuclide 
concentrations begin a decline which has a half- 
time of about 14 days. The nuclide concentra- 
tion of milk at the time of the maximum will be 
0.94, 0.064 and 0.057 percent of the cow’s 
intake on the first day for cesium—137, stron- 
tium-90, and strontium-89, respectively. 


In developing the equations, it was necessary 
to express the concentration of radionuclides 
in milk as a function of the cow’s intake of 
radionuclides. In practice, the cow’s intake on 
pasture cannot be measured. However, the 
relationships between measured concentrations 
of radionuclides in milk and the projected 
intakes by man are valid regardless of the 
units used. 


The projected radionuclide intake of a person 
drinking one liter of milk per day from cows 
kept on contaminated pasture can be calculated 
by integrating equations Nos. (3), (4) and 
(5) from t = 0 tot = o . For strontium-89, 
strontium-90, and cesium-137, the projected 
radionuclide intake by man will be 1.55, 2.11, 
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and 30 percent of the cows’ intake on the first 
day, respectively. If these values are divided 
by the corresponding maximum values of radio- 
nuclide concentration in milk, the projected 
intake by man (from t —0tot = o ) would 
be 27, 33, and 32 times the maximum con- 
centrations in milk, respectively. 

The percentage of the total projected intake 
by a person that will occur by the time of maxi- 
mum concentration of radionuclides in milk can 
be estimated by integrating these equations be- 
tween t — 0 and t = 6 days for cesium-—137 
and t = 0 and t = 7 days for strontium-89 and 
strontium-90. It was estimated that 16, 21, and 
16 percent of the total projected radionuclide 
intake by a person for cesium-—137, strontium— 
89, and strontium-90, respectively, will occur 
by the time the milk values are maximized. 

If the cows are maintained on pasture, the 
equations (3), (4), and (5) can be used to 
calculate the time for the radionuclide con- 
centration in milk to be reduced by a factor of 
10 and 100 due to pasture losses and radioactive 
decay. For simplified calculating, it was 
assumed that the value (l—e-*t) had ap- 
proached close enough to 1 to be disregarded. 
The results are shown in table 6. 

Table 6. Time required to reduce the radionuclide con- 


centration of milk when the cows are not removed from 
pasture 














Reduction factor, days 
Nuclide oe 4 is 
for 10-fold | for 100-fold 
reduction reduction 
a RENE a aN, Pa lS Ra hel eae ee 52 94 
IIE occu auce tide de abdnseaiine 67 124 
SI Ln onc st abe k ed eaves cktceumenee 67 125 











In order to predict what would occur if cows 
are changed to uncontaminated feed, it is neces- 
sary to evaluate equations (6), (7), and (8). 
The time required to reduce the radionuclide 
concentration in milk by factors of 10 and 100 
is shown in table 7. These values were obtained 
by graphical analysis. 
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Table 7. Time required to reduce the radionuclide con- 
centration of milk after the cows are removed from 
pasture 





Reduction factor, days 


for 10-fold | for 100-fold 
reduction | reduction 


Nuclide 





A Gege AS a EE etal Tape 64, | 6 | 
OSE ERT a TOC PO ee 6 14 
Cesium-137 8 





If the equations (6), (7), and (8) are 
integrated from 0 to ~, the projected radio- 
nuclide intake by man (at one liter of milk/ 
day) will equal 2.86, 3.36, and 5.1 times the 
concentration in milk at the time of the shift to 
uncontaminated feed for strontium—89, stron- 
tium-90, and cesium-—137, respectively. The 
use of these values, together with the cor- 
responding maximum concentration values in 
milk and the projected intake up to the time of 
maximum concentration, make it possible to 
estimate the projected intake that would occur 
if the cows were shifted to uncontaminated 
feed at the time of maximum concentration. 
For strontium-89 this value will be approxi- 
mately 32 percent of the total projected intake 
when the cows are not shifted from the con- 
taminated pasture. Similar values for stron- 
tium-—90 and cesium-137 are 26 percent and 31 
percent. 

By similar types of calculations, it is pos- 
sible to estimate the time that cows must be 
shifted to uncontaminated feed in order to 
avoid various percentages of the projected 
intakes. A summary of these values is 
presented in table 8. 


Table 8. Approximate time after deposition for a shift to 
made in order to avoid specified percentages of the 
total projected intake by man 





Projected intake avoided Cesium-137 | Strontium-89 | Strontium-90 





| eldest Sobers Bees aerate ay So. (days) (days) (days) 
ae eee ee 14 13 17 
, ee Seuade es OLED 85> 5 6 7 
eee eee ee 2 2 2 
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Appendix 2. Preliminary 
1962 weekly data from the Pasteurized 


tions in the 48 conterminous States.) 








Disap- 
pearance Number 
Criteria half-times of curves 
(average identified 
in days)? 
Set 1 
eS TE rene eee 13 16 
a i a asa ac oka Gost Seed 15 16 
PGs othco bac deiasatuanncabaeeen 15 16 
Set 2 
ES Ee ee ee 11 39 
Set 3 
EE EES Se ees | ay ee 11 50 
Set 4 
Nd oo chive ead dea wiaies aeeietel 10 25 











1 Disappearance half-times of selected radionuclides in milk based on 
Surveillance Data, Gaynell Jayson and Anne G. Berger, DHEW, Public 
Health Service, Division of Radiological Health (report in preparation). 

2 An effective half-life or a disappearance half-time was determined for a 
given episode following the date of the maximum observed concentration. 


Criteria 


Set 1 


A. Concomitant increases in *Sr, Sr and 
137Cg 


estimates of pew half-times for strontium-90 and cesium-137 based on 
k Network ! (Av 
criteria used to identify an acute contaminating event during 


es for the U.S. were based on 4 sets of 
e pasture season at each of the milk sta- 


B. A 100 percent or greater increase in one 
or more of the nuclides in a one or two-week 
period 

C. Maximum or peak concentrations of all 
three nuclides within a two-week period 

D. Cows on pasture for the period 


Set 2 


A. 200 percent or greater increase in *Sr 
in a one or two-week period 
B. Cows on pasture for the period 


Set 3 


A. 100 percent increase or greater in *Sr 
in a one or two-week period 
B. Cows on pasture for the period 


Set 4 

A. 200 percent or greater increase in **7Cs 
in a one or two-week period 

B. Cows on pasture for the period 


Appendix 3. The relative magnitude of milk and non-milk 
contributions to strontium-90 and cesium-137 body burdens 


F. P. Hungate 


In the United States the general population 
dietary pattern is such that milk is the major 
route by which strontium—90 is taken into man. 
From dietary studies of New York, Chicago, 
and San Francisco (as reported in HASL-144) 
the average ratio of strontium-units (pCi Sr / 
gCa) from total diet to those from milk ranged 
from 1 to 2.5. In terms of strontium-90 in total 
diet to that in milk, this ratio varies from 1.5 
in New York to 3 in San Francisco. For 
cesium-137 the ratios of total diet to milk 
ranges from about 2 in New York to nearly 8 
in San Francisco. The HASL report tentatively 
concludes that, while milk appears to define the 
average strontium-90 intake, other products 
such as meat and cereals may assume equal or 
greater importance than milk with respect to 
body burdens of cesium-137. 
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These Tri-City diet data are from large 
groups of people and, as such, it is surprising 
that they show the variation they do. Individual 
dietary patterns involving the intake of large 
amounts of other foods containing higher than 
average concentrations of fallout radionuclides 
would inevitably lead to strontium-90 intakes 
which are primarily dependent on non-dairy 
products. In the case of strontium-90 this 
individual variation is largely outweighed by 
the importance of milk in the diet of infants 
and children. This same importance does not 
appear to hold for cesium-137. 

Since action levels will undoubtedly have to 
be applied with respect to small and local seg- 
ments of the general population, exceptional 
rather than average dietary patterns should 
be considered for their potential buildup of non- 
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average body burdens. To date, relatively few 
of such unusual dietary patterns have been 
shown to produce unusual body burdens of 
radionuclides. This failure to identify any 
unusual patterns is undoubtedly the conse- 
quence of a lack of extensive studies of in- 
dividual diets under conditions where body 
burdens can be evaluated through whole-body 
counting. 

The study of cesium-137 body burdens in 
Alaskan Eskimos and Laplanders and as- 
sociated evaluation of dietary patterns has 
been done on an individual basis. In these 
groups, cesium-137 body burdens are nearly 
100 times those of individuals from the con- 
terminous States having a “normal” intake of 
cesium-137 via milk. This high body burden 
in Eskimos occurs in spite of the fact that fall- 
out levels in Alaska are well below those in 


areas less far north. With the exception of 
small children, the Eskimos consume essentially 
no milk or milk products but instead take in 
the vast majority of their cesium-137 by way 
of caribou meat. 

Similar kinds of deviations from “normal” 
nutritional patterns may occur through food 
chains little suspected as of the present time. 
One such has been recently identified in 
Finnish studies in which fish were shown to 
contain up to 20 pCi **’Cs/g. Since fish are a 
major item in some people’s diet, significantly 
higher than average body burdens can be 
expected. 

Any concept of radionuclide burdens as 
derived through milk are automatically not 
valid for substantial parts of the world in 
which milk consumption is near zero for any 
except infants. 


Appendix 4. Intake of radiocesium from contaminated meat 


F. W. Lengemann 


Milk and meat can constitute important path- 
ways for the dissemination of radiocesium to 
the human population. The basic equations for 
secretion of cesium-—137 into milk have been 
presented along with the equations for stron- 
tium-89 and _ strontium-90 levels in milk 
(Appendix 1). This section will present the 
same type of analysis for meat as a source of 
radiocesium for humans. 

As in the previous section on milk the basic 
assumption was a single contaminating event 
that takes place in a short interval of time. It 
is assumed that cattle were grazing the 
pastures at the time of the event. Unlike milk, 
it must be further assumed that animals are 
taken directly from pasture and processed into 
meat and meat products. The number of 
animals must necessarily be large and the food 
distribution channels of sufficient magnitude 
so that a single animal contributes at most 
only one portion of the daily meat intake of an 
individual human. Such things as freezer 
storage of large amounts of meat from a single 
animal for a single family necessarily in- 
validate the analysis developed here. 

The data presented here are body contents of 
cesium from 4 of the 7 cows used for the milk 
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analysis (Appendix 1) and were given radio- 
cesium daily for a period of 30 days. While the 
cows were milking animals, it is not anticipated 
that the general shape of the curve should be 
much different for beef animals since only 
about 10 percent of the daily intake of radio- 
cesium is secreted into the milk. 

The basic equation for meat radiocesium con- 
tent from these experiments is: 


(1) percent of daily cesium intake kg meat 
= 0).84e0-0073t(] — e-0.2t) 


For uniformity it is again assumed that the 
loss of cesium—137 from pasture grass is in the 
order of 14 days, The equation then modifies to: 


(2) percent of daily cesium intake /kg meat 


The problem also entailed estimating what 
would happen to meat cesium-137 if the 
animals were removed from pasture. No data 
is available on this point; therefore the equa- 
tion for the radiocesium content of milk after a 
single dose was used. The equation is: 


(3) percent 187Cs/kg =0.23e-0-37¢ 
+0.08¢e~9:!7¢-+-0.01e-0.02¢ 
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The use of this equation seemed reasonable 
since the cesium does not form organic com- 
binations. 

The equation (1) shows that when cattle are 
on a contaminated pasture the muscle con- 
centration of cesium should peak at about 8 
days. Integrating this equation from zero to 
infinity and dividing this value by the maxi- 
mum concentration in meat (day 8) shows that 
the human intake of cesium—137 will be 34 times 
the maximum observed cesium concentration in 
meat. For this computation to hold, the animals 
must remain on pasture until slaughtered; the 
human must consume the flesh of a different 
animal each day, and must consume 1 kg of 
meat per day. If the meat consumption is only 
0.5 kg then the total intake will be 17 times the 
maximum concentration. About 17 percent of 
the projected intake will take place in the first 
8 days. 

If the animals are maintained on pasture, 
the cesium-—137 in the meat will decline due to 
pasture losses of the radioisotope. It is cal- 
culated that at day 68 the meat cesium—137 will 
be at a level 1210 that seen on day 8. On day 
122 the cesium-—137 will be 1/100 that of day 8. 

These factors are in excellent agreement 
with those for milk (Appendix 1) and support 
the use of milk concentration curves for an 
index of muscle cesium levels. If at day 8, the 
time of maximum tissue cesium concentra- 
tion, the animals are shifted to an _ un- 
contaminated feed, it can be calculated that it 
would take 8 and 49 days for the meat cesium— 
137 concentration to drop by a factor of 10 and 
100, respectively. For individuals consuming 
meat from these animals it is calculated that 
their projected intake of cesium—137 will be 32 
percent of that if the animals are not trans- 
ferred from the contaminated pastures. 
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As for milk, a reduction of the projected in- 
take by 50 percent can be accomplished by 
changing the animals to uncontaminated feed 
at about 20 days. A change at about 7 days 
will effect a 75 percent reduction; a change at 
2 days, a 90 percent reduction; and at day 1, 
a 95 percent reduction. 


It is customary to move dairy cattle directly 
from pasture to the slaughter house and so this 
analysis has relevance to the practical situa- 
tion. The 24 million dairy cattle in this country 
constitute about half of the meat supply of this 
country. Most of these animals are processed 
into meat products such as chopped meat and 
bologna. For beef cattle the usual practice is 
to fatten the animals for several months on 
high grain diets before slaughter. Thus, these 
animals could be expected to be low in cesium- 
137 even in areas where a contaminating event 
has taken place. 
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Section [[]— Water 


GROSS RADIOACTIVITY AND STRONTIUM-90 IN 
SURFACE WATERS OF THE UNITED STATES, JANUARY 1965 


Division of Water Supply and Pollution Control, Public Health Service 


Levels of radioactivity in surface waters of 
the United States have been monitored by the 
Public Health Service Water Pollution Surveil- 
lance System since its initiation in 1957. 
Beginning with the establishment of 50 sam- 
pling points, this system has been expanded to 
131 stations as of June 1, 1965. These are 
operated jointly with other Federal, State, and 
local agencies, and industry. Samples are taken 
from surface waters of all major U.S. river 
basins for physical, chemical, biological, and 
radiological analyses. These data can be used 
for evaluating sources of radioactivity which 
may affect specific domestic, commercial, and 
recreational uses of surface water. Further, the 
system provides background information neces- 
sary for recognizing pollution and water 
quality trends and for determining current and 
general levels of radioactivity to which the pop- 
ulation may be exposed. Data assembled 
through the system and exact locations of 
sampling points are published in annual com- 
pilations (1-6). 


Sampling procedures 


The participating agencies collect one-liter 
“grab” samples each week and ship them “as 
is” to the Surveillance System Laboratory in 
Cincinnati for analysis. Gross alpha and gross 
beta radioactivity determinations on the 
suspended and dissolved solids are performed 
as frequently as deemed necessary. 
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Presently, gross alpha and beta determina- 
tions are made either on monthly composites of 
the weekly samples or on each weekly sample. 
Weekly alpha and beta determinations are 
scheduled for stations located downstream from 
known potential sources of radioactive waste. 
Weekly analyses are conducted at all newly 
established stations for the first year of opera- 
tion. Weekly analyses are also scheduled for 
selected stations in an effort to detect short- 
term radioactivity effects from current or 
recent nuclear tests or events. 


Normally, samples are counted within two 
weeks following collection or within one week 
after compositing. The decay of activity is 
followed on each sample for which the first 
analysis shows unusually high activity. Also, 
if a recount indicates that the original analysis 
was questionable, values based on recounting 
are recorded. All results are reported for the 
time of counting and are not extrapolated to the 
date of collection. 


Analytical methods 


The analytical method used for determining 
gross alpha and beta radioactivity is described 
in the eleventh edition of “Standard Methods 
for the Examination of Water and Waste- 
water” (7). Suspended and dissolved solids are 
separated by passing the sample through a 
membrane filter (type HA) with a pore size 
of 0.45 micron. Planchets are then prepared for 
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counting the dissolved solids (in the filtrate) 
and the suspended solids (on the charred mem- 
brane filter) in an _ internal proportional 
counter. Reference sources of U;0,, which give 
a known count rate if the instrument is per- 
forming properly, are used for daily checking 
of the counter. 


Results 


Table 1 presents January 1965 results of 
alpha and beta analyses of U.S. surface waters. 
The stations on a river are arranged in the 
table according to their relative location on the 
river, the first stations listed begin closest to 
the headwaters. These data are preliminary. 
The figures for gross alpha and gross beta 
radioactivity represent either determinations 
on composite samples or means of weekly 
determinations where composites were not 
made. The monthly means are reported to the 
nearest pCi/liter. When all samples have zero 
pCi/liter, the mean is reported as zero; when 


the calculated mean is between zero and 0.5 
the mean is reported as <1 pCi/liter. 

A geographical perspective of the radio- 
activity in surface water is obtained from the 
numbers printed near the stations as shown in 
figure 1, which gives the January 1965 average 
total beta activity in suspended-plus-dissolved 
solids in raw water collected at each station. 
Gross radioactivity results for 1957-1962 have 
been summarized by Weaver et al (8). 


Strontium-—90 determinations and results, 
October-December 1964 


Beginning in 1959, strontium—90 analyses of 
the total solids of surface waters were made 
quarterly on three-month composites of aliquots 
from weekly samples. Beginning in November 
1962, the frequency of analysis was reduced to 
two quarterly samples per year at each sam- 
pling point except at those stations immediately 
below nuclear installations, where quarterly 
analyses were continued. The method used for 


























Table 1. Radioactivity in raw surface waters, January 1965 * 
Beta activity, pCi/liter | Alpha activity, pCi/liter | Beta activity, pCi/liter | Alpha activity, piC/liter 
Station | Station " 
Sus- Dis- Total Sus- Dis- Total | Sus- Dis- Sus- Dis- 
pended | solved pended | solved pended | solved | Total | pended | solved | Total 
Animas River: — New Orleans, La--- 36 12 48 3 1 4 
Cedar Hill, N. Mex-- 6 14 20 2 2 4 New Roads, La---- 17 12 29 5 1 6 
Arkansas River: Missouri River: 
Coolidge, Kans-- --- - 8 93 101 1 38 39 Williston, N. Dak-- 29 26 55 7 6 13 
Ponca City, Okla---- 0 17 17 0 4 4 St. Joseph, Mo-___-- 6 25 31 1 3 4 
Atchafalaya River: North Platte River: 
Morgan City, La_-_- 268 10 278 60 2 62 Henry, Nebr-__-_---- 3 47 50 0 30 30 
Bear River: Ohio River: 
Preston, Idaho- ----- 0 12 12 0 3 3 OS) Ea 25 5 30 4 0 4 
Big Horn River: Toronto, Ohio----- 4 11 15 0 0 0 
Hardin, Mont----- -- 7 26 33 2 10 12 Platte River: 
Clinch River: ,Plattsmouth, Nebr- 5 21 26 2 6 8 
Clinton, Tenn.-_---- 1 7 s 0 0 0 Potomac River: 
Kingston, Tenn- ---- 8 36 44 <1 0 <1 Washington, D.C___ 18 5 23 3 0 3 
Colorado River: Red River, North: 
Loma, Colo......-.-- 1 16 17 1 9 10 Grand Forks, N. 
Page, Ariz_.....---- 3 31 34 0 10 10 eR eee 2 28 30 0 0 0 
Parker Dam, Calif- Red River, South: 
“Ne PRS 1 28 29 0 10 10 Alexandria, La----- 18 21 39 3 2 5 
Columbia River: Rio Grande: 
Wenatchee, Wash - -- 3 7 10 0 1 1 El Paso, Tex.-....-- 8 34 42 2 9 11 
Pasco, Wash-_.------ 21 403 424 0 1 1 Laredo, Tex-_-__--_-- 14 38 52 1 4 5 
Clatskanie, Ore--_ -__- 15 23 38 2 2 4 San Joaquin River: 
Connecticut River: Vernalis, Calif____- 3 0 3 1 1 2 
Enfield Dam, Conn_- 20 9 29 0 1 1 San Juan River: 
Coosa River: Shiprock, N. Mex-- 41 12 53 16 3 19 
Rome, Ga. ---.--- os 5 6 11 1 0 1 Savannah River: . 
Cumberland River: Port Wentworth, Ga- 2 9 11 0 1 1 
Cheatham Lock, Snake River: 
eee 8 14 2 0 2 Wawawai, Wash- -- 5 9 14 1 2 3 
Delaware River: South Platte River: 
Philadelphia, Pa- - - - 29 6 35 6 0 6 Julesburg, Colo. --- 14 61 75 3 37 40 
Great Lakes: Tennessee River: 
Duluth, Minn_------ 6 12 18 0 0 0 Chattanooga, Tenn. 4 10 14 0 1 1 
Hudson River: Wabash River: 
_ Poughkeepsie, N.Y -- 8 14 22 1 0 1 New Harmony, Ind- 6 10 16 1 1 2 
Kansas River: Yellowstone River: 
De Soto, Kans- - -- - - 14 17 31 6 4 10 Sidney, Mont-.----- 2 20 22 0 5 5 
Maumee River: 
Toledo, Ohio... -- 4| 20| 24 1 1 2 || Maximum..........- 268} 403| 424| 60| 38| 62 
Mississippi River: 
St. Paul, Minn_.-.-- 1 20 21 0 1 1 Misionem........... 0 0 3 0 0 0 
E. St. Louis, Ill... -- 15 19 34 5 1 6 


















































able. For final data, one should consult the system's annual report. 


* These data are preliminary; reanalysis of some samples may be made and additional analysis not completed at the time this report becomes avail- 


>The increased radioactivity observed at this station is being investigated further and will be discussed in a forthcoming issue of Radiological 


Health Data. 
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Figure 1. Sampling locations and associated total beta activity 
(pCi/liter) in surface waters, January 1965 


determining strontium—-90 is a modification of 
a procedure described by Harley (9). The 
yttrium—90 together with an yttrium carrier is 
precipitated as yttrium oxalate and the latter is 
washed, dried, weighed, and counted in a low- 
background, anticoincidence, end-window pro- 
portional counter. 

Table 2 presents the results of quarterly 
analyses of strontium-90 concentrations in 
U.S. surface waters for October-December 
1964. The stations are arranged in the table ac- 
cording to their relative locations on the river, 
the first station being closest to the headwaters. 
Floyd and Weaver summarized the strontium— 
90 results obtained from 1959 through 1963 
in the August 1964 issue of RHD (10). 

An improvement has been made in the 
determination of the counting efficiency of the 
low-background anticoincidence end-window 
counter for the counting of yttrium—90 in the 
strontium-90 determination. Previously, an 
efficiency of approximately 33 percent had 
been determined on each of the two counting 
chambers with the use of a standard consisting 
of strontium—90-yttrium-90 in equilibrium. 
Before counting the present set of samples, the 
efficiencies obtained were 40.2 percent and 38.3 
percent in the two counting chambers, respec- 
tively, with the use of pure yttrium—90 oxalate. 
The effect of these recent values is to lower 
strontium—90 values about 15 percent. Present 
data are calculated with the use of these more 
applicable efficiency values. 
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Sixty-eight quarterly composite samples 
were analyzed for strontium—90. The average 
concentration of strontium-90 is 1.80 pCi/ 
liter.! The median concentration of strontium— 
90 is 1.69 pCi/liter. Twenty-nine stations 
showed no appreciable change over the previous 
quarter from which results had been obtained. 
Thirty-five stations showed a decrease in stron- 
tium-90 levels. Only one station, Wenatchee, 
Washington on the Columbia River showed an 
increase to 2.2 pCi/liter. The highest stron- 
tium-90 result for this quarter is 5.4 pCi/liter 
at Grand Forks, North Dakota. This value is 
1.6 pCi/liter less than the previous determina- 
tion. While there are no standards for stron- 
tium-90 activity of total solids in surface 
waters, the Public Health Service Drinking 
Water Standards set the limit for strontium—90 
concentrations in drinking water at 10 pCi/ 
liter (11). This limit for public water supplies 
is greater than the highest level observed in 
surface waters during October-December 
1964. 

The radioactivity associated with dissolved 
solids provides a rough indication of the levels 
which could occur in treated water, since nearly 
all suspended matter is removed by the treat- 
ment process (12). The Public Health Service 
Drinking Water Standards state that in the 





1 All comparisons of present strontium-90 data to 
previous data presented herein have been made after 
appropriate corrections for changes in determining 
counting efficiency. 
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Table 2. Quarterly average strontium-90 concentrations in surface waters, 
Octobér-December 1964, concentrations in pCi/liter 




















Station Sr Station Sr 

Allegheny River: OS ES Se Aer ee Ok See eer 3.3 
PN, Wn Sc wsn conc Déa pines ieee agebaelesbeeditnnad 1.7 Ee Se ei SEEN Pei eee 3.0 

Arkansas River: SRE RS EE A, 3.6 
I ni. 5 a Sele Swan Dida igdkitaedpaetet ee 2.9 || Monongahela River: 

ES EE Se RR er BEBE eee 2.9 ke I de kd ultaeibanin anions aid 1.8 
SS EAS TP are ae ee 2.8 || North Platte River: 

Big Horn River: I ink th tive nid a gelelitn Gabaicatb a inako wd dma euktrdeaudecs 0.5 
TS Se es a MENS 1.7 || Ohio River: 

Chattahoochee River: ES, ORE, SEY ee ae, Tae eee rete eee 2.0 
a ih i aad 1.6 RS ES eS Pe A ER OP 1.4 
I ne eR a ee ee 1.2 Nl a RR SEES 5 OEE PE, GENEL EIT PEES. 2.1 

Chena River: SE ees a SAAS TEARS Ss ee De 2.1 
LS. 2 | ot i. ew oeanehehiaedatkeaail 0.1 || Pend Oreille River: 

Clinch River: I nF te ee ecuieeeedusien 1.0 
a oe eal es akeeaa el 3.0 || Potomac River: 

Colorado River: I a icis a ilnin ea Kamael 0.8 
EE eek sab ekntwadhensevsle ke Heekabaesabmetl 0.9 || Rainy River: 
EE EE LPT | I a a a ee 3.5 
EE ee ee ee eS a Te 1.2 ES SC ere ee 3.2 

Columbia River: Red River, North: 

I a ed oe 1.8 ETS a ST CT ERT 5.4 
eae. ain wind snciauge amnie és melbumall 2.2 || Red River, South: 

SERA Se ee ne er ree 1.6 FT SEE ee ee aH 3.4 
a one 5 is addins Cawnaekee nel nen 1.0 nn he oe panes Namnaea bane 3.7 

Connecticut River: Rio Grande: 

i ao cid enaeahed a aaegemecdenwae 1.3 gina mint ci des ode endnmus wan acees caw scnaweee 0.7 

Delaware River: EEE A RR |S IP gun eE Lae we 
i OU on. cue abebese Ma thbeinaacdieebebends 1.3 || Roanoke River: 
EE EE PSR PS CRE ee 1.2 ee ey TENOR, WN nn ccc cnnsnccsunssacciumacacen 1.5 

Escambia River: San Joaquin River: 

ES ee ee ee eee, eee 0.9 I ale 1.0 

Great Lakes: San Juan River: 

SELES EIT Se Oe INE Pons Pee OFS a eee ae 0.5 Oo a chen euch onesie ddesindd smecbouebad $.2 
a id 0.8 || Savannah River: 

SN SRE TEATS REGS CON ST PR a eer eee 1.2 I, OO ss. canbe bibbin bbbmandesnebuns 1.8 
ERR SEA LAG AAT SR RR EE TEP CA TS AES 2.3 || Shenandoah River: 

Hudson River: IS I, dels £6. > da ccelenck in wadag nied obs wie wir ainkiba ae Becca 0.5 
SS, Ee ee ea ne ee ae pene 2.0 || Snake River: % 

Illinois River: SR. «tLe soo hetlvebunecewihowih anddeshee seuss 0.6 
Re ea cee eee ee ea Lew Teme me me 1.6 ae os on iB cima wae Ahemeaimae 0.6 

Kansas River: South Platte River: 

I he eee ee 3.3 a a a a ak 0.7 

Klamath River: Tennessee River: 
Io os ded celeste ae imal 1.5 OC ILE LON RCT Rae Ee OLS 12 

Maumee River: EE ER hor TET ie Mh et 1.3 
I a ln lca 2.1 ER ee ee ee ene ee REE NERY 1.0 

Mississippi River: Truckee River: 

I a oe wei e 2.9 I I a 0.6 
eg cnn arab wadaedesmdeunettankeeaaale 2.7 || Verdigris River: 

CS ee 2.2 EERE IS SERA aS a AS OPE a ee 3.0 
I ee Se ob eb vedabbubeacenean 2.4 || Wabash River: 

I ee enw’ 2.1 ER Ae RRC EL, wo 1.6 

Missouri River: Willamette River: 
Ege ee ee eave ne cee 2.1 I Se eee ee Ean ae 0.3 

absence of strontium-90 and alpha emitters,” 1963 9 Superintendent of ,Decemente, Us. Gov- 

° ernmen rinting ce, as ington, “U. ° 

a water supply is acceptable when the gross (7) AMERICAN PUBLIC HEALTH ASSOCIA- 

beta concentration does not exceed 1,000 pCi/ TION; AMERICAN WATER WORKS ASSOCIA- 

liter (11) TION AND WATER POLLUTION CONTROL 

R FEDERATION. Standard methods for the examina- 
REFERENCES tion of water and wastewater. 11th Edition, New 
(1) DIVISION OF WATER SUPPLY AND POLLU- York (1960). 

TION CONTROL, PUBLIC HEALTH SERVICE. (8) WEAVER, L., A. W. HOADLEY, and S. BAKER. 

National water quality network annual compilation Radioactivity in surface waters of the United 

of data. PHS Publication No. 663, 1958 Edition, States, 1957-1962. Rad Health Data 4: 306-16 

Superintendent of Documents, U.S. Government (June 1963). 

Printing Office, Washington, D. C. 20402. Price $1.50. (9) HARLEY, J. H., Radiochemical Determinations 
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ervice, U. S. Department of Health, Education, and (12) STRAUB, C. P. Signifi f i ivi 
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Section [V—Other Data 


STRONTIUM-90 IN HUMAN BONE, OCTOBER 1964-MARCH 1965 


Division of Radiological Health 
Public Health Service 


To obtain data on the concentration of stron- 
tium-90 in man by age and geographical 
region, the Public Health Service began 
collecting human bone specimens in late 1961. 
The target population includes children and 
young adults up to 25 years of age. Since stron- 
tium-90 in measurable amounts has been 
present in the global environment for only 
about ten years and major calcium accretion 
ceases by age 17 or 18, persons over 25 years 
old are of limited interest in the program. This 
has been confirmed by analyses of selected 
samples of people in older age groups, the 
results having shown their bone strontium—90 
content to be low and age-independent (1). 

Although a few samples come from living 
persons as a result of surgical procedures, the 
majority are obtained post-mortem. In the 
latter case, the specimens are limited to 
accident victims or persons who have died of 
an acute disease process that was not likely to 
impair bone metabolism. For analytical pur- 
poses, a sample of at least 100 grams of wet 
bone is desired. Generally this amount is 
readily available from older children but it 
presents some difficulties from the standpoint 
of infants and children under five years of 
age. 

Collection efforts are concentrated in five 
areas representing a broad range of environ- 
mental strontium-—90 levels. These areas in- 
clude metropolitan centers at Boston, Cincin- 
nati, New Orleans, Los Angeles and Seattle.* 
Occasional specimens are also received from a 
few other areas. 





1 The U.S. Atomic Energy Commission has an active 
es for the collection of bone samples in New 
ork, Chicago, and San Francisco (1) 
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Most specimens received to date have been 
vertebrae and ribs. Efforts to collect long 
bones for comparison to British data have not 
been successful. 


Laboratory procedures 


The bones are analyzed at the Northeastern 
Radiological Health Laboratory of the Division 
of Radiological Health, at Winchester, Massa- 
chusetts. The yttrium fraction is separated 
from the bone ash by extraction with 2- 
thenoyltrifluoroacetone (TTA). The strontium— 
90 content is then calculated (2, 3) from the 
yttrium-90 activity. “Blind” duplicate analyses 
are performed on 10-20 percent of the samples. 
In addition, pools of animal bone ash and adult 
human bone ash are analyzed in replicate on a 
continuing basis. 


Results 
The results of laboratory analyses for 
October 1964 through March 1965 are 


presented in table 1. The samples are grouped 
by States within each of six geographical 
regions as shown in figure 1. These regions 
represent an attempt to combine some elements 
of climatic and topographic homogeneity with 
the pattern of strontium—90 levels as reflected 
by the Public Health Service Pasteurized Milk 
Network. 

The data are reported as picocuries of stron- 
tium-90 per gram of ash (the primary deter- 
mination), per gram of calcium (for com- 
parison with other data and for purposes of 
model development), and per gram of bone (as 
a rough indication of dose). Two-sigma count- 
ing errors are reported for the ash concentra- 
tion. Following the pattern of earlier reports 
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Table 1. Details of samples and results of analysis, October 1964-—March 1965 









































pCi Sr/g of 
: Date of Original Ash 
Region, state, and sample Age at death Sex death Bone * | weight (g) | weight (g) 
Ash +2¢ Calcium Bone 
C.E. 
Northeast 

Connecticut 
EE tacbutakadad dbsnannense --| 8yllim 6d M 5-5-64 V 193.8 22.0 | 1.46+.11 3.99 17 

Massachusctts 
EAE bib cs stow enna aie kpceeeige 10yllm 6d M 1-7-64 Vv 88.5 7.1 | 1.51+4.09 4.12 12 
SER ae ey ee eS .-| 25y 5m 24d M 1-7-64 Vv 100.1 15.0 87+.14 2.30 .13 
EE be i enannanaeh wine a 4y 7m 19d M 1-10-64 Vv 131.4 12.5 | 1.54+4.15 4.26 15 
"eae Ee 13y 7m M 1-22-64 Vv 208.5 20.9 | 1.08+.09 2.94 Rt 
NOE ee ee ee lly1l0m 3d M 1-23-64 Vv 191.0 17.7 77+.08 2.10 .07 
S| Fee aye ee Pee Oe 1i3y 8m 5d M 1-23-64 Vv 229.8 21.9 | 1.12+.08 2.98 -ll 
hs ts ic ph nh ah dina ace Go lly Om 18d M 1-30-64 Vv 131.0 13.3 | 1.034.12 2.85 11 
JO a eee ee ee 6y 7m 12d M 1-31-64 Vv 138.6 17.1 | 1.80+.13 4.83 -22 
i Orne hoon paar giean kh tare .-.| 12y 8m 26d M 2-16-64 Vv 127.9 11.1 | 1.45+.16 4.29 .13 
ok an rein nwe aa main amet ae bes 12y 4m 7d I 2-16-64 Vv 90.0 9.0 .92+.13 2.52 -09 
PEI REAE EGR espe ae ret a, 23 y Om 23d F 2-21-64 Vv 151.0 20.8 | 1.46+.10 3.84 -20 
I-2(0080) _._--.--- ee ee ee eee lly F 3-1-64 Vv 146.7 15.4 40+.12 3.79 15 
Se a ccnok dbin mai ah sihiad 8y 9m 2d M 3-11-64 Vv 105.4 8.9 | 2.45+.23 6.95 21 
RS nid doe cneindh alkene aa 8y M 3-16-64 Vv 115.2 10.0 | 1.59+.16 4.45 14 
iG. oc caveeeuseateiine weaned 8y 4m 2l M 3-20-64 V 111.7 11.0 | 1.81+4.17 4.97 18 
DR 2s 5 has a bete blgisnidtin waged 12y 8m 15d M 3-21-64 Vv 96.8 6.5 | 1.75+4.22 4.94 12 
REE ERE RES LE Pi IE i -| 9y 9m 20d F 3-25-64 V 195.6 19.4 | 1.48+4.10 3.99 15 
ee es eee ee 6y 6m M 4-3-64 Vv 128.3 11.8 | 1.39+.10 4.19 13 
EES ae ee yee ls5y 5m 7d F 4-5-64 Vv 241.0 24.9 | 1.06+.08 2.90 -1l 
ccc wit naan wwathinkenas 25y 7m F 4-5-64 Vv 134.3 15.9 .60+.07 1.59 -07 
ae ah eset gurcide, exhale Shida deel llyllm 23d F 4-10-64 Vv 139.2 16.5 | 1.30+.10 3.41 -15 
I ao sis wtiaie mae dint ees .-| llyllm 23d F 4-10-64 V 139.2 16.5 | 1.11+4.09 2.94 13 
See ee oe a 4y 4m F 4-21-64 V 105.8 9.3 | 2.094.18 5.68 18 
PN . ccnwanteeadkeaneed ad 6y 9m 29d M 4-28-64 Vv 89.0 8.3 | 1.49+.18 4.20 14 
Ns KS nea eedeahatteachntes aati 15y1lm F 5-2-64 V 103.9 12.7 | 1.89+.16 5.14 2 
RG i cava b cide ee Sade oe 4y 7m M 5-10-64 Vv 120.3 9.9 | 1.80+.19 4.89 -15 
ERS iwgkénade ceaukenceedaned ile Z7y 5m 3d F 5-14-64 Vv 121.2 9.3 | 2.27+.19 6.41 -17 
ES ee eS ee eee ee 4y 5m F 5-22-64 Vv 128.1 11.1 | 2.60+.18 7.28 -23 
I di ons caged dain bang a eeerae e 4y 5m F 5-22-64 Vv 128.1 11.1 | 2.90+.21 8.10 .25 
a ihwa cikbiewluedl tobe aide lly im F 5-27-64 . 115.8 13.9 | 1.39+%.12 3.60 -17 
EE Tn ee Se ee ee lly Im F 5-27-64 V 115.8 13.9 .94+.11 2.51 my 
A ii oi brs nies tnt raed wk ce gietieeael 4y 8m 24d F 7-17-64 Vv 75.3 8.1 | 2.58+.23 7.04 -28 
Ee ee es ae een 13 y F 12-12-64 | V 133.6 13.5 | 1.324.12 3.57 .13 
aR AES SIRI, al th = ge an Cn 10 y M 12-12-64 | V 163.4 17.3 | 1.84+.12 §.17 -20 
a as cia oe de ka ae eee l7y M 11-30-64 | V 103.35 17.1 | 1.55+.11 4.14 .26 
nt ain eben age maneahe emt ae 10 y F 12-17-64 | V 100.1 9.2-| 1.85+.18 5.21 17 
I So arnaiae tsas eccihine gas weeks rar WE me ree 16 y 5m 16d F 1-5-65 Vv 143.5 16.9 | 1.234.11 3.40 14 
ia Sn eho aks am anieaen al de base e 24 y F 2-2-64 V 109.6 12.7 | 1.10+4.12 2.90 13 
oo tric dicartre etching ade theck dame 2ly 8m 1d M 5-4-64 Vv 96.4 14.1 | 1.31+4.18 3.54 19 
eee 2ly 8m ld M 5-4-64 V 96.4 14.1 1.29+.11 3.42 19 
6.55, Stein ts ini ima ambegonceh ae dete ea 22 y 17d Fr 5-11-64 Vv 73.7 10.2 | 1.47+4.25 3.88 20 
PE cnvdnbswedaduneungewnseaen 17y 5m M 5-11-64 Vv 78.8 9.2 | 1.98+.29 5.39 23 
See eee es 20y M 5-12-64 Vv 97.1 12.2 | 1.19+.18 3.12 -15 
ERNE CRI IER i Bea 6 y M 5-28-64 Vv 110.0 10.9 | 1.39+4.14 3.78 .14 
ee 10 y F 5-26-64 Vv 70.8 8.0 | 1.58+.18 4.12 -18 
ll Ee l7y F 7-14-64 Vv 46.0 5.6 | 1.49+4.29 3.94 .18 
er ee ae 6y10m 25d F 8-7-64 V 88.7 8.1 | 1.91+4.20 5.53 17 
EE wn cuscianwanaukecrasiednnw eee 20 y M 8-30-64 Vv 127.1 16.3 | 1.48+.13 3.98 19 
| AE te ey emer ane 2y 6m F 10—1-64 Vv 47.3 4.7 | 2.962.92 8.35 .29 
Sa ae 22 y M 10-17-64 | V 97.8 14.1 1.27+.12 3.38 .18 

New Jersey 
EE a ee ty 6m 22d F 4-20-64 V,R 203.1 9.6 | 1.57+4.15 4.49 05 

New York 
ok isla a dk sie emit oe eae 14y lm 26d M 6-13-63 Vv 176.5 8.6 644.13 1.84 .02 
EE Sta ccutinutiannothwndaie 12y lm 4d F 8-13-63 Vv 161.5 21.3 99+ .09 2.66 .13 
as boa si te tase chnte te Mh wl a tear lly 2m 15d M 3-11-64 Vv 197.2 18.1 | 1.10+.10 3.06 .10 
lll, ee ae 15y lm 19d F 5-15-63 Vv 144.9 16.3 72+.08 1.91 .08 
nck oe ned eine anblew nie mue 1i3y 7m 8d M 5-7-63 V 174.2 16.3 84+.10 2.33 .08 
PE EE bérccnseckcsversecedssne 24y 4m 25d M 7-22-63 Vv 105.0 12.8 | 1.514.13 3.98 .18 
EES a ae ee ree ae 2ly 4m 5d M 3-27-64 Vv 157.1 24.8 | 0.71+.07 1.85 11 
EE ae eee 23 y 29d M 6-23-64 Vv 135.2 16.7 89+ .09 2.43 .12 
Se a ee 23 y 29d M 6-23-64 Vv 135.2 16.7 82+ .08 2.10 -10 
EEA ES RE aE 16y 9m 12d M 6-6-63 R 48.3 15.9 99 + .09 2.45 .33 
a l6y 9m 12d M 6-6-63 R 96.6 15.9 74+.09 1.85 12 
i ins gs Insignia deal a 16 y l4d M 4-1-64 R 111.7 27.2 | 1.01+4.07 2.58 27 
oe oe wn ai a bpd cma nok Saal 9y lm 13d 3-11-64 V 143.7 12.8 | 1.59+.15 4.38 14 
ESE ES PETE 2 lly 2m 23d M 3-27-64 Vv | 203 .7 19.3 | 1.08+.09 3.00 .10 
I aati alte wth oes Heh ii asada 24ylim 4d k 3-28-64 Vv 146.9 15.8 -942+.10 2.52 .10 
PEt. invadevekuanmagnwad&heal 20y 2m l6d k 518-64 Vv 116.6 18.3 .53 +.06 1.54 .08 
RE eae 22y 9m ibd M 5-19-64  j 239.5 23.3 .65+.06 1.69 .06 

Pennsylvania 
II-3( thick alecabdidh chine maha Gin eles. hits ahaha 23v 2m 15d M 8-23-63 dl 152.2 20.9 83+ .09 2.17 oun 
i de sa cai Sota Sicha mnceces vila > alias 19y 4m 22d F 11-25-63 | V 195.5 29.8 91+.06 2.43 .14 
RESIST EES TR pee ae ee ee. A 13 y m 29d M 4-18-64 V 161.7 15.3 | 1.49+4.13 4.16 14 
RE AR EE Ea ES I TS 24y ld F 2-25-64 | Vv 226.8 22.1 | 1.22+.09 3.23 .06 
Eee Sees 19y m M 5-20-63 Vv | 143.4 21.0 -652.07 1.67 .10 
i oba acckawe sn onetcenaie endabet 22y lm 15d M 5-17-63 | V 167.3 24.3 .57+.06 1.51 .09 
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Table 1. Details of samples and results of analysis, October 1964—March 1965—Continued 












































pCi Sr/g of 
; Date of Original a al 
Region, state, and sample Age at death Sex death Bone * | weight (g) | weight (g) 
Ash #" Calcium Bone 
Northeast—Continued 
Pennsylvania 
....)0lU eer 15y 2m 1l1d| M | 6-17-63 | V 195.7 22.0 94+.08 2.50 ll 
6 0.4 a:ciark pps oa aearéans ia bene 8y 8m 6d M 10-21-63 | V 90.0 9.8 | 1.514.19 4.14 .16 
ll Seer ee ee 23 yllm 24d F 11-6-63 Vv 182.7 21.7 88+ .08 2.38 ll 
2... 5 ees ee 2ly F 11-30-63 | V 111.3 18.4 85+.09 2.23 07 
PE od + 50 kirdumg pdsiehea san wate 2ly 11-30-63 | V 111.3 18.4 78 +.08 2.03 13 
PE ritcucchunmnsatnypasacenene 6y 7 m2ild 4-1-64 Vv 154.5 17.3 | 1.334.11 3.64 15 
Vermont 
I ott ans 'nce Ricco eas eh eee at 19y 9m 20d M 1-9-64 Vv 174.3 21.1 | 1.334.09 3.55 .16 
es cnceubackscnssdamtucekt 23y 8m 5d M 2-8-64 Vv 139.4 17.1 | 1.15+.09 3.09 .14 
ETE ARE SR RS PE 23y 8m 5d M 2-8-64 Vv 139.4 17.1 | 1.35+4.11 3.63 ae 
ETT EEE ee Te 15y 8m 9d M 4-3-64 Vv 169.8 23.9 | 1.59+.09 4.31 .23 
CO Se eee eee lsy lm 2d M 4-3-64 Vv 186.8 22.9 | 1.44+4.09 3.99 .18 
EES IS Pe EES, l4y 2id M 4-28-64 Vv 182.1 22.6 | 1.97+.11 5.36 25 
PR co ntnetbascageapenidadete 17y 3m 12d M 4-28-64 Vv 139.9 20.0 | 1.16+.08 3.08 17 
Se ere ts 17y 3m 12d M 4-28-64 Vv 139.9 20.0 | 1.134.09 3.00 16 
ns anli en aikctec cho dasa hep alk Sie ee 1lsy 2m 4d M 6-26-64 Vv 106.7 14.8 | 1.72+.13 4.62 24 
EE hacks ah Goamgemds walee san lsy 2m 4d M 6-26-64 V 106.7 14.8 | 1.374.111 3.77 .19 
SUPER rye MPa 14y10m 17d M 7-17-64 V 115.6 16.0 | 2,154.15 5.69 .30 
Pict ecceeneendn teas dena cae. 14y10m 17d M 7-17-64 Vv 115.6 16.0 | 1.99+.13 5.21 .28 
EE A ee eke -e l5y M 10-12-64 | V 221.3 27.1 1.56+.09 4.22 19 
SR Ge ree ee 12y 8m M 10-11-64 | V 199.0 20.0 | 1.714.12 4.83 17 
| ear aS ELS 2ly lm 25d M 11-26-64 | V 224.8 27.4 | 1.39+4.08 3.69 17 
Southeast 
Maryland ; 
CR ithe ns hin ahaa Eaed ge 7y 4m lld M 5-15-63 Vv 117.3 11.7 924.12 2.54 .09 
catenins igs dicks thas se diet eaapide hae inant 16y lm 27d M 8-1-63 Vv 147.2 23.8 77+.07 2.00 .12 
a wads mace over mien mpeboinetinana 15y lm 3d M 8-12-63 Vv 166.5 23.2 | 1.08+.08 2.74 15 
I ais cata: deeds a open Witenes 24y 8m 14d M 8-17-63 Vv 108.1 19.2 88 + .08 2.27 16 
CE bonne sbinbeceeendanbens 24y 8m 14d M 8-17-63 Vv 108.1 19,2 79+.07 2.03 14 
EE Sh rcvebantseniwattoncee l5y 4m 17d M 8-18-63 v 198.9 24.2 | 1.17+4.09 3.10 14 
I cs io sctn netocern a ate boas lain amt 17y 1m 27d M 8-17-63 V 109.7 13.7 90+.10 2.41 ll 
ee ne eee 17y 1m 27d M 8-17-63 Vv 109.7 13.7 90+.10 2.40 ll 
ye SS eras aaa: 2ly 21d M 8-18-63 Vv 142.9 19.7 84+.08 2.19 .12 
a, SS eae ee 22y 6m 17d M 8-30-63 Vv 157.0 24.0 44+.05 1.15 .07 
|. a ee ee ee 18y 9m 8d M 10-27-63 | V 208.0 24.9 97+.07 2.56 .12 
STE ko 08 cm picteniing ebb praegenbaede 20 y 21d M 10-27-63 | V 155.9 24.1 57 +.06 1.49 .09 
III-7(0053)> 22y 4m 29d M 11-8-63 Vv 89.8 14.3 84+.10 2.17 .13 
III-7(0053)> 22y 4m 29d M 11-8-63 Vv 89.8 14.3 91+.12 2.36 15 
 - ae er 2ly M 11-8-63 Vv 87.1 13.0 | 1.08+.12 2.88 .08 
eer cae 22v 3m 16d M 12-8-63 V 185.3 21.9 87+.08 2.32 .10 
III-7(0057)> 22y 8m 2ld F 9-7-63 Vv 97.7 13.8 65+ .08 1.72 .09 
ss ee eee ae 22y 5m 15d M 9-2-63 v 157.3 21.3 55+ .07 1.43 .07 
Eastern Tennessee 
Pin cn+stbenewenakicancaee 12y 2m 2d M 2-7-64 Vv 188.0 19.8 | 1.82+4.12 4.94 19 
Virginia 
Ms. dccnG dip akiieneeatedie gk 2ly lid M 6-23-63 V,R 122.6 19.1 42+.06 1.10 .03 
ROSE RS et SR 5y10 m 9d F 7-21-63 Vv 103.0 9.9 | 1.3844.15 3 -12 
Central 
Minnesota 
po a ee ee 8y 5m 2d F 2-15-64 V, St 209.8 12.5 | 12.84.12 4.17 -08 
VI-1(0013)>______- nbiwstn tweak whinge 15y1llm F 5-14-64 Vv 140.8 18.7 96+ .09 2.57 .06 
Co... = rae 5yilm F 5-14-64 V 140.8 18.7 | 1.03+.09 2.69 14 
eS ee 22y 7m 29d F 5-7-64 Vv 117.1 15.6 90+ .09 2.46 12 
VI-19(0013)>____- el didite ip ntiatiithehie aia 22y 7m 29d F 5-7-64 Vv 117.1 15.6 90+.10 2.14 12 
0 ae ee 2ly 5m 10d F 6-1-64 Vv 214.5 26.7 | 1.314.08 3.44 16 
pi eee ee 18y 2m 9d M 8-18-64 V 121.4 19.5 94+ .08 2.41 15 
a i a i a a al 17y 5m 17d M 9-10-64 V 135.3 14.9 | 1.19+4.12 3.19 .13 
SE Sage eee 17y 5m 17d M 9-10-64 V 135.3 14.9 | 1.72+.16 4.69 -19 
Missouri 
Co ee een 16y10m 4d M 7-24-63 Vv 175.0 22.3 | 1.364. 3.54 .17 
as 6 nbn thntnamsiahedepamed 18y 6m M 8-17-63 V 117.3 17.2 | 1.08+.11 2.87 .16 
We nvicnctchscstansdeeeuaseatn l7y F 3-7-64 Vv 275.7 8.3 93 +.13 3.41 .03 
Ohio 
, PE perenne epee ee 5y 5m 27d M 6-27-63 Ld 146.6 10.1 | 1.464.15 4.23 .10 
Pe cecncepamnas cebanecmenire 6y 2m 6d F 10-2-63 Vv 151.3 16.0 .94+.10 2.56 .10 
WO s20ndckctonenutuaidenshon 6y 9d M 1-10-63 v 116.6 11.0 .834.12 2.25 .08 
oo, oe ce bi acelin alin: apn ch ances 5yllm 29d F 10-30-63 | V 138.3 10.9 | 1.79+4.17 5.28 .14 
0 ER ES Sea ee 3y 7m 12d F 9-11-63 V 118.0 9.1 | 2.02+.21 5.56 16 
IIS aid hate eins detected been 4y10m 8d F 10-26-63 | V 132.7 10.0 | 1.81+4.17 4.87 14 
eS Le. ns cndiidae gin nienmeel bul 7y M 10-2-63 V 106.3 9.6 | 0.83+4.11 2.17 .08 
ETERS Se se 9y 6m 20d F 3-21-64 Vv 139.4 13.6 -96+.11 2.59 .09 
RR Spe Sy LE 7y 6m 4d F 4-19-64 Vv 218.3 15.6 | 1,214.13 3.39 .09 
2. £§_=aae eee 3yllm 10d M 4-20-64 V,R 139.0 13.3 | 2.26+4%.15 5.79 17 
dla a ces sd esha ty cep ill dale ab 12y 2m 29d M 9-13-64 V 285.2 27.9 | 1.08+.07 2.93 11 
SER a eee eae 12y 9m 13d M 9-26-64 Vv 110.8 12.5 | 1.50+4.15 4.02 17 
i iia ek ahh ide 3y lm 21d M 11-3-64 Vv 81.2 3.8 | 2.97+.13 8.37 14 
_ SRG es = 23y 6m 15d M 7-29-64 Vv 81.5 13.8 | 70+.08 1.77 12 
IN 5.005.450.0000 canveonec I7y 25d | M | 8-19-64 | V,R 83.8 13.5 | 1954.10 2.47 15 


July 1965 399 












































Table 1. Details of samples and results of analysis, October 1964—March 1965—Continued 
pCi Sr/g of 
4 Date of Original 
Region, state, and sample Age at death Sex death Bone * wt. (g) |Ash wt. (g) 
Ash +2¢ Calcium Bone 
C.E. 
Central—Continued P ; 
Wisconsin NO 
Sa aA a A PERE. 5y 5m 12d F 5-9-63 Vv 121.7 12.1 | 1.18+.17 3.34 12 
onic Laat ee So eoratanatwdistac 3 y 2d 10-23-63 | V 147.0 13.3 | 1.65+.16 4.77 15 
a ee ain eae ia 5y 1m 26d M 5-25-64 Vv 141.1 12.4 | 1.354.114 3.70 12 
oan ne 7y 8m 9d 6-12-64 Vv 203 .7 23.6 | 1.10+.08 2.99 13 
i ISS GE ER 6vllm 5d 11-25-64 | V 99.8 7.9 | 1.29+.17 3.52 10 
NL I AE Rite, Tene FE 3y lm 29d M 12-14-64 | V 93.4 10.4 | 2.08+.17 5.70 23 
EE ne es eae 4y 7m 16d F 12-16-64 | V 89.1 9.0 | 1.68+.18 4.49 17 
RU et od es 3y 7m 7d M 12-17-64 | V 88.6 6.7 | 3.4624.28 9.78 26 
Delta | be 
Louisiana 
ie IIS AE ISS ie 19y M 9-9-64 Vv 120.5 21.8 | 1.97+.11 5.05 36 
RES A A SR A AA 2 17y 1m 20d M 9-8-64 Vv 80.7 12.7 | 1.154.111 3.06 -18 
“RR ees eae 7y 29d F 2-12-64 Vv 137.5 12.7 | 1.91+4.19 5.33 -18 
RRR An et SIRES Eo 2 6y 8m lld M 2-4-64 Vv 141.0 13.8 | 1.82+.14 5.37 -18 
I a ic edna 6y 2m F 2-21-64 V,R 109.2 10.7 40+.05 2.85 .04 
ITY wciisgepnidedconssacies 18y10m 20d | M | 5-1-64 | V 94.4 13.4 | 1,604.12 4.27 23 “ 
0 SiN 18y10m 20d| M | 5-1-64 | Vv 94.4 13.4 | 1.094.11 2.83 16 Cc 
i RRS SR ER RE AS 3y 3m 23d F 5-2-64 Vv 136.1 14.2 | 2.46+.17 6.66 26 
I 2y 29d M 5-2-64 R 94.8 10.6 | 2.13+4.19 5.74 24 
I See 2 A 20y 10m 12d F 5-8-64 V,R 109.3 15.7 | 1.59+.12 4.27 .23 
IT 6 cis at Ninisten pele saeeiosnip sein A et 20y10m 12d F 5-8-64 V,R 109.3 15.7 | 1.554.13 4.02 ae T 
a aban ae Bic m 19y 3m 19d F 5-10-64 V 102.9 14.1 1.33+.13 3.55 .18 
I a i ak ST 19y 3m 19d F 5-10-64 V,R . 102.9 14,1 1.64+.13 4.40 .23 U 
a = aswel teisien vs eaicinome aa 6y 4m 19d F 5-26-64 Vv 104.3 10.4 | 1.12+4.12 3.13 -1l 
NERS satis 8, 1 A EF 4y 6m 1d M 6--7-64 Vv 130.9 13.3 | 1.354.12 3.68 .14 
SRE AES Fy AA LEER. 5 17y 1m lid F 6-9-64 Vv 103.8 17.7 | 1.40+.11 3.61 .24 — 
I Scud ican inte ds e-store 17y 1m lld F 6-9-64 V 103.8 17.7 | 1.17+.10 3.09 .20 
ee 16y 5m 15d M 9-27-64 V,R 115.2 14.8 | 1.54+.12 4.37 21 
ass riciinnna pwbunneowhcda 24y 7m 2ld F 9-27-64 ¥, = 94.2 16.2 91+.10 2.43 16 
I i ei ee a ae 24y 7m 2ld F 9-27-64 V,R 94.2 16.2 72+.09 1.88 12 
Western Tennessee 
a ce a oan winced «acne ome dyad 17y M 1-10-64 V 135.3 21.6 | 0.77+.07 2.02 12 
SRR SE EERIE S § 8 lly M 3-9-64 Vv 97.8 11.8 | 1.07+.12 2.88 .13 
es ce baci oe 19y 2m M 3-14-64 Vv 76.9 10.7 | 1.34+.14 3.54 .19 
Sa ERI eee RSE i Be. & 14y Im 2ld M 3-28-64 Vv 135.3 16.7 | 1.08+.11 2.89 -13 
_. 25a Semis 16yllm 5d F 4-7-64 V 86.7 13.9 | 1.11+4.10 2.91 .18 
Southwest 
Arizona 
ER Ee ee error 5y 7m25d F 3-29-64 Vv 123.9 10.4 93+.14 2.50 08 
California 
eg d in etn gaa 6 y 13d M 2-17-64 Vv 117.4 11.3 76+.11 2.11 .07 
I 3 5 2a 5 arin ahaa ela dbaciwacaGe a ly 2id M 3-11-64 Vv 65.0 5.1 | 1.14+.10 3.21 .09 
To da ces ai claims ace cali ae 3 y 6d F 9-21-64 V,R, St 168.2 14.6 95+.10 2.68 .08 
—..., SSE eee ee 2d 0 10-8-64 ft 173.0 14.2 47+.08 1,29 -04 
I oa. sa 55 anid excesses cod apa kareena ld F 10-16-64 vere 224.0 25.8 39+.05 1.04 05 
I ae a oh dente te a de ebb im ae ld F 10-26-64 Me 195.5 19.6 71+.08 2.06 07 
I ia. akc cise anes octcarmpes ld F 10-26-64 | V,R,St, 195.5 19.6 64+ .06 1.75 06 
LB 
ER ENE Oe ees aie lm 20d M 11-18-64 | V, LB 195.5 19.3 56+ .06 1.51 .06 
a eae 23y lm ibd M 3-13-63 Vv 156.3 19.8 | 0.35+.06 0.95 .05 
REE Seana ERE eet 23y lm 5d M 3-13-63 Vv 156.3 19.8 | 0.24+.05 0.64 .03 
i icink ol de cc atin are asia cel 6y 2ld M 4-14-64 Vv 135.7 10.6 | 1.19+4.14 3.37 .09 
ag sa atk cei watt tn Sarid ly 9d M 5-2-64 Vv 61.3 8.5 | 1.014.15 2.68 14 
EEE Se eee Beer ee l7y F 11-30-64 | V 303.1 44.2 65+.04 1.90 -10 
EEE ETA Rn nd ay 3y 2m F 11-30-64 | V 44.3 6.3 | 1.82+.23 5.18 .26 
a aera l4y 3m 9d M 12-20-63 | V 158.3 20.5 | 0.68+.08 1.87 .09 
as oa te an es decode OATS 22y 4m 21d M 2-12-64 . 158.5 26.3 | 1.14+.08 2.98 .19 
ETRE SIRE PR A a Ke 1l3y 3m 9d M 5-5-64 Vv 149.6 17.2 64+ .07 1.74 .07 
EE LE Sa ERS Si ly10m 19d M 5-25-64 V,I 129.5 12.2 | 1.47+.12 4.03 .14 
ado. al elias chant ai adh a-arsbiels ly10m 20d M 6-8-64 V,I 128.6 9.7 | 1.26+4.14 3.64 .10 
i a eal ee ine oa ks ec 5y 6m 10d M 6-23-64 V 132.5 9.7 83 +.12 2.44 .06 
aici silat aed inet aan he arenas oid 5y 4m 20d F 6-24-64 Vv 172.0 15.4 | 0.89+.10 2.38 .08 
i So ne ea a ee 17y 8m 21d M 7-12-64 Vv 192.6 25.5 | 0.72+.06 1.95 10 
BERRIES esa fie = RS ae RE 2lyllm 21d F 8-25-64 V 116.5 15.0 | 0.80+.09 2.19 .10 Sl 
SEES Reno 2lyllm 2id F 8-25-64 Vv 116.5 15.0 68 + .08 1.82 .09 * 
1 
kc sar tala cite tein epi rant 3y 7m ld M 9-13-64 V 140.7 11.9 | 1.614.15 4.16 .13 " 
2 Serene. 22 y 29d F 9-28-64 | V 143.9 19.0 | 1.06+.08 2.91 .14 1V 
a a es re a gel hd 12y 8m 14d M 9-19-64 | V | 118.5 12.5 | 1.234%.13 3.37 -13 
iii chnsi lo cinmaan ts earaehanbnteath ae 22y 7m 23d F 2-15-64 | V 93.6 10.4 714.11 1.87 .08 
R 
( 
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Table 1. Details of samples and results of analysis, October 1964-March 1965—Continued 

































































pCi Sr%°/g of 
’ Date of at ait Sade Soak Ot eal lie Ec ae 
Region, state, and sample Age at death Sex Bone * wt. (g) |Ash wt. (g) | 
Ash +2¢0 | Calcium | Bone 
Northwest 
Alaska 
eS ois ok os hd es ie ern aah ieee 22y 9m 28d F 410-20-64 | R 15.2 4.6 | 1.47+4.05 3.91 .45 
IE a ees 20 y M 49-30-64 | R 16.1 | 5.8 | 0.98+.05 | 2.62 .35 
ESE a: 16y 6m 14d M 5-20-63 | V 114.4 16.5 | 0.86+4.09 | 2.50 | .12 
ee a 18 y m M 8-21-63 | V 213.8 | 25.9 | 0.16+4.06 | 1.64 .07 
Ss os db camede mecened 16y 5m lld M 17-64 | V 100.8 14.2 | 2.324.15 6.05 .33 
es 0 vias ktndmvedtotnecas 16y 5m lld M 1-17-64 | V 100.8 14.2 | 3.06+.22 7.95 | .43 
| a eee See ete, ee 8y 7m F 1-24-64 | I 182.1 18.2 | 1.59+.11 4.31 .16 
Washington 
a ae Ra eae I CS Shee 10y 7m 22d M 3-13-63 | V 144.7 18.9 -60+.07 2.20 .08 
CS ee ee oe 9y 3m 27d M 3-19-64 | V 59.1 6.0 | 1.93+4.22 5.16 -20 
a RE See ete Keg Me as 16y10m 10d F 6-10-64 | V 96.8 16.9 | 1.06+.09 2.73 .19 
of ae eae. ae 12yllm 23d M 8-30-64 | V 157.2 16.7 | 2.09+4.15 5.61 | -22 
DTS h socwcanncanctacsseuase 17y 3m 25d M 6-13-63 | V 180.2 21.3 .79+.07 2.09 .09 
RSIS Cte cin on dunt cueseduteitet 17y 10m 24d M 6-13-63 | V 160.7 20.5 .62+.06 1.62 .08 
ther 
Colorado 
pO See ee 1i3y 2m 23d F 10-12-62 | V 151.4 21.5 | 0.50+.06 1,30 07 
ES oo no Sails nde an dmton 10yllm 14d M 6-24-64 | V 101.8 20.4 | 0.76+4.07 1.95 | 15 
\, ESS SES Hea 10yllm 14d M 6-24-64 | V 101.8 20.4 | 0.67+4.07 1.72 | .14 
| 
Texas 
ig tae TIS SU ER LIS 8 13 y M 43-63 | F 118.5 16.9 | 0.44+.07 1.11 | .03 
Utah 
, | EE Sea ea eres 6y 28d M 12-5-62 | V,R 115.6 12.1 | 0.75+.10 2.03 .08 
= V, vertebra; R, rib; I, ilium; St, sternum; F, femur; LB, long bones. 
> Blind duplicate—sample split and submitted on different dates for analysis. 
¢ Duplicate analysis. 
4 Sample obtained by surgical procedure. 
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Figure 1. Regions for PHS bone sampling network and sources of 
samples analyzed, October 1964—March 1965 


subsequent articles will continue to provide 
interpretation of the data at appropriate stages 
in the program (2, 4). 
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ENVIRONMENTAL LEVELS OF RADIOACTIVITY 
AT ATOMIC ENERGY COMMISSION INSTALLATIONS 


The U.S. Atomic Energy Commission 
receives from its contractors semi-annual 
reports on the environmental levels of radio- 
activity in the vicinity of major Commission 
installations. The reports include data from 
routine monitoring programs where operations 
are of such a nature that plant perimeter 
surveys are required. 

Summaries of the environmental radio- 
activity data for 22 AEC installations have 
appeared periodically in RHD since November 
1960. Summaries follow for Oak Ridge Area, 
Paducah Plant and Portsmouth Area Gaseous 
Diffusion Plant. 

Releases of radioactive materials from these 
installations for the periods covered in the 
reports below are governed by radiation pro- 
tection standards set forth by AEC’s Division 
of Operational Safety in directives published 
in the “AEC Manual.’? These standards, which 
include radioactivity concentration limits, are 


applicable to effluents released from AEC 
installations. 


1. Oak Ridge Area’ 
July-December 1964 


Union Carbide Nuclear Company, 
Oak Ridge, Tennessee 


The Oak Ridge Area is a complex made up 
primarily of the Y-12 Plant, the Oak Ridge 
National Laboratory (ORNL), and the Oak 
Ridge Gaseous Diffusion Plant (ORGDP). 





_1 Part 20, “Standards for Protection Against Radia- 
tion,” AEC Rules and Regulations, contains essentially 
the standards published in the AEC Manual. AEC 
Rules and Regulations are available from the Super- 
intendent of Documents, U.S. Government Printing 
Office, Washington, D.C. 20402, on a subscription basis 
at $3.50 for 3 years. 

2 Summarized from Environmental Levels of Radio- 
activity for the Oak Ridge Area, compiled by the Ap- 
ce ae Physics Section of the Health Physics 

ivision, Oak Ridge National Laboratory. 
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Radioactive waste materials arising from the 
operation of atomic energy installations in the 
Oak Ridge Area are collected, treated, and 
disposed of according to their physical states. 
Solid wastes are buried in a Conasauga shale 
formation which has a marked ion exchange 
activity that enables it to fix radioactive mate- 
rials. Liquid wastes which contain long-lived 
fission products are confined in storage tanks 
or are released to trenches located in the 
Conasauga shale formation. Low-level liquid 
wastes are discharged, after preliminary treat- 
ment, to the surface streams. Air that may 
become contaminated by radioactive materials 
is exhausted to the atmosphere from several 
tall stacks after treatment by means of filters, 
scrubbers, and/or precipitators. 


Air monitoring 


Atmospheric contamination by long-lived 
fission products and fallout occurring in the 
general environment of East Tennessee is 
monitored by two systems of monitoring sta- 
tions. One system consists of eight stations 
which encircle the plant areas (figure 1) and 
provide data for evaluating the impact of all 
Oak Ridge operations on the immediate en- 
vironment. A second system consists of seven 
stations encircling the Oak Ridge Area at 
distances of from 12 to 75 miles (figure 2). 
This system provides data to aid in evaluating 
local conditions and to assist in determining the 


spread or dispersal of contamination should 
a major incident occur. 


Sampling for radioactive particulates is 
carried out by passing air continuously through 
a filter paper. Average concentrations are 
presented in table 1. Airborne radioactive 
iodine is monitored in the immediate environ- 
ment of plant areas by passing air through a 
cartridge containing activated charcoal. 
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Table 1. Long-lived gross beta concentrations in air, 
Oak Ridge area, average concentrations in pCi/m* 
































Perimeter Number | Second Remote Number | Second 
stations of half stations of half 
(see figure 1) samples 1964 (see figure 2) | samples 1964 
ee 26 0.38 | BP-6i........ 26 0.45 
| 26 0.53 | HP-62.......-. 25 0.47 
aE 26 0.31 | BHr-G8........ 26 0.50 
. . ee. 26 0.35 | HP-54___._.-- 26 0.53 
SP: 26 0.42 | HP-655._....-.- 26 0.45 
 . ae: 186 0.43 | HP-56......-.- 26 0.38 
ee 26 0.37 |. Hr-@7.......- 26 0.41 
ean es 23 | 0.35 | | 
Average | | 0.39 | 0.46 
| 


Average 





Atmospheric contamination by uranium is 
determined by gross alpha measurements of 
continuous air samples taken at five locations 
within a five-mile radius from the ORGDP 
(figure 1). The data are summarized in 
table 2. 


Table 2. Long-lived gross alpha activity in air* 
five miles from ORGDP, average concentrations in pCi/m * 








Direction from plant Second half 
1964 
EE ee! ee ry eee a eee ne ee ee Re 18 
a 5 ui siacd-e hich eeb hdd iced ann wek anemone dp eare aan 0.16 
NS ind ho Sa oa wale bin ones nd ake N ee aw eee bulnamenae 15 





® Interpreted as uranium (natural) 


Milk monitoring 


Raw milk is monitored for iodine-131 and 
strontium-90 by the collection and analysis of 
samples from 12 sampling stations located 
within a radius of 50 miles of ORNL. Samples 
are collected weekly at each of eight stations 
located on the fringe of the Oak Ridge Area. 
Four stations, remotely located with respect to 
Oak Ridge Operations, are sampled at a rate 
of one station each week. The purpose of the 
milk sampling program is twofold: first, 
samples collected in the immediate vicinity of 
the Oak Ridge Area provide data by which 
one may evaluate possible exposure to the 
neighboring population resulting from waste 
releases from Oak Ridge operations; second, 
samples collected at the more remote stations 
provide background data which are essential in 
establishing the proper index for the evaluation 
of data obtained from local samples. 


Water monitoring 


Large .volume, low-level liquid wastes 
originating at ORNL are discharged, after 
some preliminary treatment, into the Tennessee 
River System by way of White Oak Creek and 
Clinch River. Liquid wastes originating at the 
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Figure 1. Oak Ridge area environmental sampling locations 


July 1965 


403 











Nashville iy 





= 





HP-56 GREAT FALLS DAM 


f 
7. 
—_ VA 4 
Cal 
HP-51 NORRIS DAM ppeneZPe cand 
r Re CHEROKEE DAM 
OAK RIDGE AREAS HP-33 
Fa ? UGLAS DAM 
4 
Re, 4 
> HP-52 FT. LOUDOUN DAM 
— 
HP-55 WATTS BAR DAM - 
3 Yd 
¥ “YD J 
J —— 
“SS 4 
PASSE Chattoncoge |  — —— 
sy \ l 
a 
\ mein < 
0 | 50 \ 
\ Mile: 








Figure 2. Remote air monitoring stations, Oak Ridge area 


ORGDP and Y-12 Plant are discharged to 
Poplar Creek and thence to the Clinch River. 
The radioactivity concentration from White 
Oak Creek is measured, and concentration 
values for the Clinch River are calculated on 
the basis of the dilution provided by the river. 

Water samples are taken at a number of 
locations in the Clinch River, beginning at a 
point above the entry of wastes into the river 
and ending at Center’s Ferry near Kingston, 
Tennessee. Stream-gaging operations are 
carried on continuously by the U.S. Geological 
Survey to obtain dilution factors for calculat- 
ing the probable concentrations of wastes in 
the river. 

Samples are analyzed for long-lived beta 
emitters, uranium, and for transuranic alpha 
emitters. 

Analyses are made of the effluent for the 
long-lived radionuclides only, since cooling 
time and hold-up time in the waste effluent 
system is such that no short-lived radionuclides 
are present. The averages are given in tables 3 
and 4. 


Gamma measurements 


External gamma _ radiation levels are 
measured monthly at a number of locations in 
the Oak Ridge Area. Measurements are taken 
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with Geiger-Mueller tube at a distance of 3 feet 
above ground, and the results are shown in 
table 5 in terms of mR/hr. 


Table 3. Concentrations of major radionuclides in the 
Clinch River, average concentrations in pCi/liter 





Second half 1964 





Radionuclide Location on Clinch River * 








Mile 41.5 Mile 20.8 > Mile 4.5 
(Upstream) (Outfall) |(Downstream) 
Btrontium-O0................- 0.9 0.9 1.9 
. .. aes 0.4 <0.1 0.6 
TS ETRE ETE 0.2 0.4 0.25 
Ruthenium-106__._-...._._._-_- 2.0 17 13 
3 gE ¢ND 2.1 3.1 
Zirconium-60—niobium-95. _ _ - ¢ND <0.1 ¢ND 
PII io cias icc piintiavarg th oc’ os 3.5 3.1 20 














® The location on Clinch River is given in terms of the distance up- 
stream from the Tennessee River. See figure 1 
he concentrations at mile 20.8 are not measured directly but the 
values are calculated on the basis of levels of waste released and the 
dilution afforded by the river. 
¢ ND indicates none was detected. 


Table 4. Uranium concentrations in the Clinch River, Oak 
Ridge Area, average concentrations in pCi/liter 





Second half 1964 











Sampling location 
Number of Uranium 
samples ® ‘eee 
Upstream from ORGDP._-_-........_____._. 4 1.0 
Downstream from ORGDP_______________- 4 1.0 











* Normal sampling frequency is continuous, composited over one week. 
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Table 5. External gamma radiaiion levels, 
Oak Ridge area, average exposure rates in mR/hr 














Exposure 
Location rates second 

half 1964 

(mR/hr) 
Qube Gee ee. tk ss ti SS aL - vondbaakee 0.014 
IS xo pectic vec banned ab ab eh eaaeeeed 0.012 
gl, EAE COPE ery Say ek ee ee Bs tery se 0.013 
CE ne eo wi thetaeedtt cee 0.015 
Wore aeaeee. 55.2. os - Be. ie ee 0.014 
ANS ees. ond ol. ce «isda Sede oe sae 0.013 








Discussion of data 


The average air contamination levels for 
gross beta activity, as shown by the continuous 
air-monitoring filter data for the immediate 
and remote environs of the plants, were 0.39 
percent and 0.46 percent, respectively, of the 
maximum permissible concentration for pop- 
ulations in the neighborhood of a controlled 
area. These values are approximately 70 per- 
cent lower than those of the first half of 1964 
and are no higher than the average of those 
measured in other areas of the United States 
and reported by the U.S. Public Health Service 
Radiation Surveillance Network for the period 
July through October, 1964. 


The average concentration of iodine-131 in 
air in the immediate environs of the plants 
were 0.018 pCi/m:‘. This is approximately 0.018 
percent of the maximum permissible concentra- 


tion for population in the neighborhood of a 
controlled area. 


The average airborne alpha activity in the 
environs of the ORGDP, five miles from 
ORGDP, was 7.5 percent of the maximum per- 
missible concentration for populations in the 
neighborhood of a controlled area. 


The average concentration of iodine-131 in 
raw milk in the immediate and remote environs 
of the Oak Ridge Area were 7.0 pCi/liter 
and 5.4 pCi/liter, respectively. These values 
fall within the limits of FRC Range I if one 
assumes the average intake per individual to 
be 1 liter of milk per day. The maximum con- 
centration observed in any one milk sample was 
72 pCi/liter. This was observed in the im- 
mediate environs of the controlled area and 
was associated with the release of approxi- 
mately 1,200 millicuries of iodine-131 from the 
plant stacks during a period of one week. 


July 1965 


The average concentrations of strontium—90 
in raw milk collected in the immediate and 
remote environs of the controlled area were 
20 pCi/liter and 19 pCi/liter, respectively. 
These values approach the lower limit of FRC 
Range II for transient rates of daily intake of 
strontium-90 for application to the average of 
suitable samples of an exposed population. 

The calculated average concentration of 
radioactivity in the Clinch River at mile 20.8 
(the point of entry of most of the wastes) and 
measured average concentration at mile 4.5 
(near Kingston, Tennessee) were 31 pCi/liter 
and 20 pCi/liter, respectively. These values are 
0.65 percent and 0.8 percent of the respective 
weighted average maximum permissible con- 
centrations (MPC),. The average concentra- 
tion of transuranic alpha emitters in the Clinch 
River at mile 20.8 was 0.009 pCi/liter, which 
is <0.001 percent of the weighted average 
(MPC), values. 

The average activity of natural uranium 
materials in the Clinch River, reflecting the 
effects of all Oak Ridge plants, was <0.01 
percent of the (MPC),, for uranium. 


The average external gamma radiation 
measured in the town of Oak Ridge and at the 
perimeter of the Oak Ridge Area averaged 
0.013 mR/hr. 


Conclusion 


Comprehensive surveillance of radioactivity 
in the Oak Ridge environs indicated that a 
large part of the radioactivity detected con- 
tinues to be the result of fallout from previous 
weapons testing. While some low-level radio- 
activity is being released to the environment in 
the form of gaseous and liquid wastes from 
plant operations, the resulting concentrations 
in both atmosphere and surface streams of the 
Oak Ridge environment are well below estab- 
lished maximum permissible concentrations 


and daily intake-guides for the neighboring 
population. 


Previous coverage in Radiological Health Data: 


Period Issue 
First and second quarters 

1961 January 1962 
Third and fourth quarters 

1961 September 1962 
1962 September 1963 
1963 


July 1964 


January—June 1964 January 1965 
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2. Paducah Plant, 
Calendar Year 1964 


Union Carbide Nuclear Company 
Paducah, Kentucky 


The Paducah Plant is a Government-owned 
gaseous diffusion plant operated by Union 
Carbide Corporation, Nuclear Division for the 
Atomic Energy Commission. The diffusion 
plant, with the associated uranium hexafluoride 
manufacturing plant and uranium metal 
foundry, processes large quantities of relatively 
pure uranium compounds. The major sources 
of external penetrating radiation are the 
daughter products of uranium, thorium—234, 
and protactinium-—234, which may be concen- 
trated by uranium recovery processes or 
uranium hexafluoride vaporization. The ele- 
ment, uranium, can be a physiological hazard 
only if allowed to enter the body. The chemical 
toxicity of the uranium processed at the 
Paducah Plant overshadows any probable bio- 
logical effects of radiation from this element, 
thus making it comparable as a physiological 
hazard to lead, mercury, or other well-known 
heavy metals. 

Uranium is a rather expensive element, and 
this provides a great incentive to recover as 
much in any situation as is feasible. The added 
desire to maintain a wholesome relationship 
with neighboring communities and individuals 
makes it essential that entrained dust be 
filtered from exhaust systems, and that all 
effluent waters be maintained at extremely low 
concentrations of uranium. 

Since no recovery process or filtering system 
is 100 percent efficient, an environmental 
monitoring program is required to evaluate the 
effectiveness of such measures. The Paducah 
Plant environmental monitoring program 
provides for continuous air sampling at 4 sta- 
tions around the plant perimeter fence, and 
at 5 stations located approximately 1 mile out- 
side this fence. Sampling stations which were 
operated 5 miles outside the fence for the first 
half of 1964 were discontinued. Big Bayou 
Creek water is sampled continuously, and 
grab samples are collected at 5 locations in the 
Ohio River. In addition, gamma radiation read- 
ings are taken each month at each of the air 
sampling stations with a Geiger-Mueller type 
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meter at a distance of 3 feet above ground 
level. 


Basic standards 


The standards observed at the Paducah Plant 
for exposure to radiation and radioactive 
materials, both for the in-plant work environ- 
ment of employees and for off-site exposure of 
the general population, are those listed in the 
AEC Manual (see footnote on page 391). 

The standards specify that “radiation or 
radioactive materials outside a controlled area, 
and which have resulted from operations 
within the controlled area, shall be such that it 
is improbable that any individual may receive 
a dose of external radiation greater than 0.5 
rem in any year.” To meet this standard, the 
average concentration of radioisotopes in air or 
water beyond a controlled area should not 
exceed one-tenth of the maximum permitted 
for occupational exposure of 168 hours per 
week. For the purposes of such control, the 
concentrations of such‘ radionuclides in air or 
water may be averaged over periods of time up 
to 1 year. 


Discussion of data 


Data summarizing ‘the environmental con- 
centrations of radioactive materials in air and 
water and the gamma radiation levels in the 
vicinity of the Paducah Gaseous Diffusion 
Plant are presented in tables 6 through 10. 


Table 6. Outdoor uranium air samples, Paducah Plant, 1964 

















Uranium alpha,» Mean as 
Number (pCi/m‘) reent 
Sample location * of concen- 
samples tration 
Maximum |Minimum ¢| Mean limit ¢ 
AT PLANT imi mats FENCE 
Rs Aas wine 0.32 <0.02 0.048 2.4 
sli tins tote ale ai 3 0.41 <0.02 0.046 2.3 
Dh hal eee el 52 0.20 <0.02 0.033 1.7 
a a or 52 0.26 <0.02 0.029 1.5 
MEG icwcesese 208 0.41 <0.02 0.040 2.0 
ABOUT ONE MIL “a PLANT PERIMETER FENCE 
ERE 0.19 <0.02 0.026 1.3 
Pei ow shwelhet a3 0.21 <0.02 0.033 1.7 
ei 52 0.34 <0.02 0.037 1.9 
_ PERSE #F 52 0.31 <0.02 0.024 1.2 
_ re 52 0.37 <0.02 0.037 1.9 
WOOO. ccd oceeek 260 0.37 <0.02 0.031 1.6 
eet FIVE MILES ey aan PLANT PERIMETER FENCE 
‘anna beta 0.03 <0.02 0.011 0.6 
Aw eee 36 0.13 <0.02 0.023 1.2 
SOS 26 0.12 <0.02 0.024 1.2 
ee oe 26 0.07 <0.02 0.019 1.0 
RES eys 104 0.13 <0.02 0.019 1.0 




















* See map in figure 3 

b> As defined in NBS Handbook 69, paragraph 3.2, a microcurie of 
recently extracted normal uranium corresponds to 7.57 x 10‘ alpha dis/sec. 
pCi/ime minimum detectable concentration of uranium in air is 0.02 

i/m 

4 The concentration limit for natural uranium in air released to the 
environs is 2 pCi/m’. 
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Figure 3. Water sampling locations, Paducah Gaseous Diffusion Plant 


Table 7. Outdoor beta air samples, Paducah Plant, 1964 














Beta (pCi/m*) Mean as 
Number reent 
Sample location * of of concen- 
samples | Maximum |Minimum >| Mean | tratioa 
limit ¢ 
AT PLANT PERIMETER FENCE 
| See 52 11 0.4 2.3 0.2 
Dirac abidinwan 52 6 0.4 1.8 0.2 
— CREE 52 3 <0.1 0.9 0.09 
baicccdhran epsadl disci si 52 5 0.4 0.9 0.09 
ee 208 11 <0.1 1.4 0.1 
ABOUT ONE MILE OUTSIDE PLANT PERIMETER FENCE 
SE 52 3 0.4 0.9 0.09 
RE | See: 52 3 0.4 0.9 0.09 
et Ree 52 3 0.4 0.9 0.09 
. Sa eases 52 3 0.4 0.9 0.09 
«a ee 52 3 0.4 0.9 0.09 
, ss ar 260 3 0.4 0.9 0.09 
ABOUT FIVE MILES OUTSIDE PLANT PERIMETER FENCE 
OSS Se 26 2 0.4 1.2 0.1 
Es Sana caiatcmel 25 0.9 1.5 0.2 
BI in ckes enstaactidn 26 3 0.4 1.5 0.2 
er ee 26 3 0.4 1.3 0.1 
ES aa: 104 3 0.4 1.4 0.1 

















® See map in figure 3. 

b+ The minimum detectable amount of beta emitters in air is 0.1 pCi/m?. 

¢ The concentration limit applicable to this table is 1,000 pCi/m’, 
which is the concentration limit thorium-234, the daughter product of 
238. Insignificant amounts of other daughters are present in freshly 
refined uranium. 


Air samples were collected continuously at 
each of 4 stations at the plant perimeter fence, 
at 5 stations at about 1 mile outside the plant, 
and at 4 stations located about 5 miles from the 
plant. Air is filtered at 0.3 cfm through 2-inch 
diameter membrane filters which are replaced 
weekly and counted for alpha and beta activity. 


The average alpha count—interpreted as 
uranium—the most likely source of activity, of 


July 1965 


Table 8. Concentration of uranium in 
water, Paducah Plant, 1964 











Uranium >», pCi/liter Mean as 
yg fle anette eee sity Cond Pe AB percent 
Sample location * of of concen- 
samples | Maximum |Minimum *} Mean | tration 
limit 4 
Big Bayou Creek 
_ EERE. SS 52 59 <1 15 0.1 
Ohio River 
er a 11 1 <i <1 <0.01 
Composite of 50, 
51, 52, & §3...... 11 2 <1 <1 <0.01 




















® See map in figure 3. 

> As defined in NBS Hancbook 69, paragraph 3.2, a microcurie of 
recently extracted normal uranium corresponds to 7.57 x 10‘ dis/sec. 

¢ The minimum detectable concentration of uranium in water is 1 
pCi/liter. 

4 The concentration limit for natural uranium in water beyond a con- 
trolled area is 20,000 pCi/liter. 


Table 9. Concentration of beta emitters 
in water, Paducah Plant, 1964 











Number Beta emitters, pCi/liter Mean as 
Sample location * of percent 
samples of RCGe 
Maximum |Minimum >| Mean 
Big Bayou Creek 
5 Ripe ae a ee 52 2100 <100 280 1.4 
Ohio River 
Wiiidisedisiesa 11 700 <100 200 1.0 
Composite of 50, 
51, 52 & 53...... 11 1800 <100 400 2.0 




















* See map in figure 3. : , 
oCi The minimum detectable amount of beta emitters in water is 100 
i/liter. 
¢ The concentration limit for the daughter products of uranium in water 
released to the environs is 20,000 pCi/liter. 
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Table 10. External gamma radiation 
levels, Paducah Plant, 1964 











| Total Gamma, 
Air sampling location * | number of mR/hour 
readings 
AT PLANT PERIMETER FENCE 
RE pe, pple | 12 0.02 
«| Ae eee Nee 12 0.02 
Ry ee ORE AS te A | 12 0.02 
. NE eee eee eee 12 0.02 
|) RS ae ee A AS < ee 48 0.02 
| 
ABOUT ONE MILE OUTSIDE PLANT uceuroniie FENCE — 
Se Eee ne ee eee oe ee | 2 | ‘ 
RE. ES el a RRR REE 12 0.02 
A eee eee eee fae } 12 0.02 
ee eee ene a 12 | 0.02 
EERSTE EAR ae" 2 Ne 12 0.02 
SS ici ssasda wand igi sa takes uliedee s eae 60 0.02 
ABOUT FIVE MILES OUTSIDE PLANT PERIMETER FENCE 
I te 5 Pua We edt led le alee vis co aR oc 6 0.02 
RE A ee a 6 0.02 
SNE ee Ae a 6 0.02 
RE Ss 2 gk 6 0.02 
ai aks Oke Sabet asadial adwncaeces 24 0.02 








* See map, figure 3. 


the 572 air samples collected was 1.6 percent of 
the concentration limit for people residing in 
the vicinity of a controlled area. 

The mean beta count of the 572 samples was 
0.12 percent of the concentration limit for the 
daughter products of uranium in air beyond a 
controlled area. 

The average of uranium analyses of weekly 
water samples collected by a continuous water 
sampler in the Big Bayou was 0.1 percent of 


the concentration limit for water beyond a 
controlled area. The results of the uranium 
analyses for each of 11 samples collected from 
the Ohio River below the plant at monthly 
intervals (except during the March flood) was 
less than 0.1 percent of the concentration limit. 
The average of beta analyses for the samples 
from the Big Bayou was 1.4 percent of the 
concentration limit for the decay products of 
uranium—238 in water beyond a controlled area. 
The average of the beta analysis for samples of 
Ohio River water downstream from the plant 
was 1.5 percent of the concentration limit when 
interpreted as uranium daughters. However, 
similar samples of upstream water averaged 1.5 
percent of the concentration limit. 


External gamma radiation in the vicinity of 
the Paducah Plant averaged 0.02 mR/hour at 
all sampling stations. 


Previous coverage in Radiological Health Data: 


Period Issue 
First and second quarters 





61 January 1962 
Third and fourth quarters 
1961 August 1962 
1962 September 1963 
1963 July 1964 
January—June 1964 — February 1965 





3. Portsmouth Area Gaseous Diffusion Plant,’ 
Calendar Year 1964 


Goodyear Atomic Corporation 
Piketon, Ohio 


The separation of uranium isotopes by the 
gaseous diffusion process presents control prob- 
lems similar to any chemical process using 
toxic solvents and extraction solutions. Natural 
uranium and thorium—234 are the most likely 
radionuclides to be released to the environment 
by the Portsmouth Area Gaseous Diffusion 
Plant. Since natural uranium is an alpha 
emitter and thorium-234 is a beta-gamma 
emitter, environmental monitoring is conducted 
for evidence of alpha and beta-gamma emitters 
to test the effectiveness of plant controls. 





3 Data summarized from B. Kalmon: Environmental 


Radiation Levels and Concentrations, 1964, GAT-450 
(March 1, 1965). 
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Figure 4. Air sampling locations, Portsmouth Gaseous 
Diffusion Plant 
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Continuous air samples are collected monthly measured at the air sampling locations shown 


" at 21 sites located from 1 to 6 miles from the in figure 4 and the results included in table 11. 
m ; 
ia plant as shown in figure 4. Monthly water 


samples are collected at 14 stations within 5 Previous coverage in Radiological Health Data: 
































ly x 
ai miles of the plant. Period leeue 
it sic and second quarters 
. 961 February 1962 
wa _ Average alpha and beta-gamma concentra- Third and fourth quarters 
~w tions in air and water are summarized in me September 1962 
ay 196 
of table 11. The external gamma levels are 1963 July 1964 
“a. Table 11. Environment radioactivity, Portsmouth plant, 1964 
of 
int 1964 
en Measurement Unit Percent 
er No. of Maxi- Mini- | Average| maximum 
’ samples mum mum permissible 
1.5 for average 
fees ae ere |---| |—__-——_ 
Air (alpha concentration) -_.-.........._--- pCi/m?_- _ 251 | o0.-t <a. <0.1 <5.0 
Air (beta-gamma concentration) - -______-__- pCi/m?____- 251 8.5 | <0.1 1.5 1.5 
Water (alpha concentration)__.._._._______- pCi/liter_ _ _| 150 198.2 | <0.5 13.5 0.07 
of Water (b>ta-gamma concentration) ----_-- -_- pCi/liter _ - -| 144 90.2 | <14.0 14.0 0.07 
t External beta-gamma *__________________- mRed/er...| 251 0.12 | <0.01 | 0.04 | 48 
a 
, ® Measurements were made with open shield Geiger-Mueller tube one foot above ground. The three-foot rate 
(not shown) was experimentally determined to average two-thirds of the one-foot rate. 
REPORTED NUCLEAR DETONATIONS, JUNE 1965 
During June 1965 two United States nuclear ground at the Commission’s Nevada Test Site 
tests were announced by the Atomic Energy on June 11 and June 16, 1965, were each of 
— Commission. The tests conducted under- low yield (less than 20 kilotons). 
a 
7 
many 








seous 
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